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THE MOST COMPLETE LINE OF 

DUAL·INLINE·PACKAGED REED RELAYS 

Magnecraft is proud to announce its new DIP (dual
inline-package) line of 8 and 14-pin reed relays. These 
new relays are designed not only to be compatible with 
the standard packaging developed for integrated cir
cuits, but to offer Magnecraft quality at a low cost. This 
unique design gives further savings by offering the ' 
user the optimum in automated insertion and other 
economical installation techniques associated with 
printed circuit applications. 

These fantastic new epoxy molded reed relays are ideal 
for use in circuits where high density packaging is essen
tial. The SVDC IC compatible versions of these relays 
will operate directly from TTL or DTL circuits. 

Other standard coil voltages are available from stock 
in 6, 12, and 24VDC as well as contact configurations 
in 1 form A, 2 form A, 1 form B, and 1 form C. Most 
versions are also offered with a choice of an internal 
clamping diode. 

Ma.gnec:ita.£t~eLecTR•c coMPANv 
5575 NORTH LYNCH A VE NUE • CH ICAGO. ILLI NOIS 60630 . 312 . 282 ·5500 . rwx .910 221 5221 

FREE! 

OIP 
CATALOG 

This 12-page catalog offers the most complete listing 
of DIP reed relays in the entire industry. Including four 
all new position-free mercury wetted types; plus eigh
teen others. Specifications, dimensions, prices, and all 
other pertinent data necessary to specify is given. 

SEE US AT IEEE, BOOTH 1523 
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P-Channel 
JFET 

N-Channel 
JFET 

Since 1962, Siliconix has evolved FET technology and applied it to a 
complete line of singles, duals, arrays, and ICs. So what's new? 

Economy 
Epoxy FETs 

Siliconix, the world's leading supplier of FETs, now brings 
you a full line of plastic encapsulated field-effect transistors-at 
economy·prices as low as 32c each in 1000-unit quantities. Why 
be concerned over alternate sources? Call on the FET leader 
for quality devices at rock-bottom cost. 

The Siliconix line 
of epoxy products includes 
• FETs for general purpose amplifiers 
• FETs for VHF/UHF amplifiers and mixers 
• FETs for switches , choppers , and commutators 
• FET pairs for differential amplifiers 
• FET diodes for current limiters and regulators 

Use these new epoxy FETs 
with the same confidence you 
have placed in Siliconix prod
ucts in the past-they are 
typed, manufactured, and 
tested specifically for the indus
trial and commercial markets . 

A copy of our new epoxy FET cross-reference guide and 
full line catalog is yours for the asking. Just circle the 

bingo card number or call your nearest 
Siliconix distributor. 

Write for Data 

Siliconix incorporated 
2201 Laurelwood Road, Santa Clara, California 95054 
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with Cinch edge connector 
you've got it made . 

. . . becau eady made Ii for you. 
Your best'Cclhb1nation of cost and reliability lies in 
a cQnnector that already exists -that has been 
toof..-.\aeted and has proven itself in use. Next best 
Is a-custom combination of available insulators and 
contacts that provide the functions you require. 
Either way you've got it made with Cinch because 
Cinch makes the industry's broadest range of con
tact spacings, insulator sizes, termination types and 
contact styles. 

Whether you'll need large quantl 
production scheduling-°' small uantities for 
immediate delivery (through our nationwide network 
of stocking distributors), you'll save yourself a lot 
of trouble if you think of Cinch first. 

Get a copy of the latest Cinch edge connector 
catalog from your local Cinch sales office, or write 
to Cinch Manufacturing, an Electronic Components 
Division of TRW Inc., 1501 Morse Avenue, Elk Grove 
Village, Illinois 60007; phone (312) 438-8800. 

CM-7306 

TRiii! CINCH CONNECTORS 
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The Spectrol 
Model 15 Dial! 
No dial looks better, fee ls better, works 

better- because no standard dial is built 

better! Spectrol 's new 1-inch Model 15 

Digital Dial stands apart , and is available 

now at low industrial prices. But you 

have to see it and feel it to believe it. So 

for more information and to get your 

hands on a Model 15, just circle the 

reader service number or contact your 

local Spectral representative or 

distributor. 

Spectrol 's complete line of attractive , 
precision Multidials® includes both 
concentric and digital types : 
the 11-turn Model 11 , the 15-turn, 
Model 21, and the 3-digit and 4-digit 
versions of the Model 25. All feature 
excellent appearance, sturdy design , 
quality " feel " and precision operation . 

Model 15 Model 11 Model 21 

• Smooth operating mechanism 
with quality "feel " 

• Large, highly readable numerals 

• Attractive appearance 
with low profile 

• A handsome, removable knob 
conceals setscrews .. . 
permits access to pot shaft 
after mounting , for fast, 
accurate phasing 

• Positive braking action 

All dials shown ha/I- size. 

Model 25 

UNITED STATES: Spectral Electronics Corporation, 17070 E. Gale Avenue, City of Industry , Calif. 91745, U.S.A., (213) 964-6565 • TWX (910) 584-1314 
UNITED KINGDOM: Spectral Reliance Ltd., Drakes Way, Swindon, Wiltshire , England, Swindon 21351 • TELEX : 44692 
ITALY: SP Elettronica spa , Via Carlo Pisacane 7, 20016 Pero (Milan) Italy. 35 30 241 • TEL EX 32242 
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COVER 
Using a technique much like photo 
mapping, electron microscop ist Di ck 
Flutie of Harri s Semiconductor put to
gether thi s photo mosaic of a Harris 
FET-input op amp for our cover. At 
1 O,OOOx, the T0-5 header produced a 
photo over 12 inches across. For a size 
reference, those wires are 1 /3 the 
di ameter of a human hair. See related 
story on pg. 14. 
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Only Perkin-Elmer could produce a 1i bit D-to-A converter 
with 1/1 LSB accuracy over the full military temperature range. 
Introducing Varidac™ Multiplying
Digital-to-Analog Converters from 
Perkin-Elmer. Accuracy at tempera
ture extremes is only half the story. 
Reliability is the other half. These 
new Varidac Converters deliver long 
term stability of more than 0.001 % 
per year. Perkin-Elmer has added 
input gate protection and infinite 
short circuit protection to +125°C. 

Varidac Converters are small -
2.32" x 2.87" x .48" high - and 
weigh only three ounces. All this at 

a low cost-significantly lower than 
any comparable converter. 

This advanced new product won't 
surprise anyone who knows Perkin
Elmer. Or even knows a few Perkin
Elmer achievements in science and 
technology. Such as its alignment 
systems for missiles and space plat
forms. Astronomical telescopes for 
the Copernicus orbiting observa
tory. Flight guidance and control 

instruments . Atomic absorption 
spectrophotometers. Laser measu r
ing instruments . Precision trans
formers and ac potentiometers. 

Perkin-Elmer would like to send you 
a data sheet on the new Varidac 
Converters. Write or call Perkin
Elmer Corporation, Electronic Prod
ucts Division, Main Ave., Norwalk, 
Conn. 06856. Tel. (203) 762-4786. 

PERKIN-ELMER 
CHECK NO . 11 



The only 
1c1i1to1 catalog 
with a bu.ill-In 
capedito1. 

SKT electronics, inc. 
208 S. LaSalle Street 
Chicago, 111 inois 60604 
312. 372-1465 

CHECK NO. 12 
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The UN-new ••• 
GUARDIAN 1220 RELAY 
This versatile standard of the industry ... mount-any-way-you-please 
enclosed relay has NOT been changed or "improved to death." It's a promise 
from your Guardian Angel. The Guardian 1220 relay still mounts 4 different ways: Through the chassis 

for easy front-side assembly or disassembly. Or, through the chassis permanently with a one-piece socket 
mounting clip. Number three: "Snap-bracket" mount it above the chassis using the socket housing and 

one-piece mounting clip as a cable connector. Four? Snap-bracket mount it 
above the chassis for quick connects or soldering. Also available in 

PC termination. Any way you mount it, it's still the good-old-reliable 
1220 DPDT, 10 amp relay in a choice of AC or DC. 

8 

WANT THE SAME VERSATILITY IN 
MINIATURE SIZE ... OR EVEN "MINI"? 

1310 Miniature Relay: 4PDT, 
5 amp in choice of plug-in 
or PC termination, built- in 
"test" lamp or "push-to
test" options. 

New 1330 "Mini" Relay: 
DPDT, 5 amp relay that's less 
than 3/4 of a cubic inch small 
. . . with a small price to 
match. 

GUARD IAN~n a hurry? Call your Guardian Distributor. 

GUARDIAN ELECTRIC MANUFACTURING CO. 1574 West Carroll Ave., Chicago, Illinois 60607 
CHECK NO. 13 
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EDITORIAL 

Let's get off the roller coaster 

Have you looked at the "want ads" lately? Chances are that you have 
if only as a habit developed during the recent recession . 

On the surface, the ads paint a rather rosey picture of the engineering 
employment situation. Job openings are plentiful in most sections of the 
country, with the exception of a few very specialized engineering disci
plines. Even the professional recruiters are beginning to appear again 
from wherever they go during hard times. 

What the want ads don't show is the approximately 10,000 engineers 
in the country who are out of work. Granted, this represents only 1 % of 
the nation's one million engineers. But this is a rather special 1 % con
sideri ng their education, and the blood, sweat, tears and money that 
went into it. 

Many of these unemployed engineers are, by choice, out of engineer
ing for good, having embarked on other careers because of both neces
sity and disillusionment. Others are out of the field for good, not by 
choice, but because they became overly specialized or sidetracked into 
peripheral areas that existed only because of the largess of Federal 
spending. 

What exists, therefore, is a state of approaching employment stability, 
but at the expense of thousands of engineers who were brought to the 
feast but sacrificed during the famine. 

Bad as this situation is, it could serve a positive purpose were we to 
learn a lesson from it. But such does not seem to be the case. Statistics 
are being ballyhooed that predict an acute shortage of engineers in the 
years ahead. For example, the Bureau of Labor Statistics sees a future 
demand for 48,000 engineers a year. And although 43,000 were gradu
ated last year, this will drop to 32,000 in four years based on current 
enrollment. The result-a shortage of engineers in the future. The reme
dy- increase the enrollment in engineering schools. 

We question, first, the validity of the figures. Are 48,000 engineers 
really going to be needed? Or is it really 30,000 engineers-and 18,000 
technicians, specifications writers, sales types, etc.? 

We also question the engineering schools rushing pell-mell to expand 
their enrollments, at least without carefully eva luating the future require
ments themselves. Schools are very capable of overproducing when 
they think there's a need for a certain discipline. Just look around at the 
excess of teachers today. 

The solution, we feel , is for all concerned to move slowly and be con
servative in their thinking wherever possible. This includes industry in 
estimati ng its future needs, government in gathering statistics, schools in 
expanding their enrollment and even students in selecting a career. 

</ ~ :7-""---
Editor 
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2SWATT 
DC·DC 
REGULATED 
CONVERTERS 
High power 
in a compact, low 
profile package 
FEATURES 

• 25 Watts output (greater than 
1 watt/cu. in.) 

•Triple, dual or single outputs 

•Short circuit protected by 
current limiting 

•Low output impedance by 
post regulation 

•High powered addition to the 
proven 9500 series 

SPECIFICATIONS 

• 28 voe input, outputs 
available from 5 to 24 voe 
in single, dual, or triple 
output models. 

•regulation: line, 0.1 % 
load, 0.2% 

•meet MIL-E-5400K 
specifications (selected) 

•low profile package 
(4 x 4 x 1.5 inches) 

•output impedance: 0.02 
ohms, 0 to 10 kHz 

• EMI : Input filtering 
included 

•MTBF: Calculated per 
MIL-HDBK-217 

Prices: 
Single output, 
Dual output, 
Triple output, 

$240.00. 
$270.00. 
$330.00 

For immediate delivery call 
(303) 442-3837 

tecnetics, Inc. 
Box 910 
Boulder, Colorado 80302 

tecnetics 
CHECK NO. 14 
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MODEL 
3339 

the smallest low-price multi-turn potentiometer on the market. 
You can be four times as sure of balancing critical 
circuitry with this cermet trimmer, Model 3339. 
Why? An ingenious drive mechanism (patent 3,614,-
703) gives you four mechanical turns to traverse the 
element. 

U&.L:.ul.:;l~l.l.:a&li.a Cermet provides the temperature 
coefficient (± 100 ppm/°C) and total resistance 
stability you need for temperature extremes (- 55° 
to + 150°C If need be). Choose your resistance-10 
to 2,000,000 ohms. Count on quality. Model 3339 has 

a high temperature plastic housing, sealed for extra 
protection. 

(Side-adjust style Model 3339W; a few cents more) 

Call, or write, your nearest Bourns sales office for 
more data on this multi-turn in a single-turn pack
age. (Top-adjust size: .30" dia. x .25" high. Side
adjust size: .31" x .32" x .38" high) 

BOURNS, INC., TRIMPOT PRODUCTS DIVISION • 1200 COLUMBIA AVE., RIVERSIDE, CALIF. 92507 

CHECK NO. 16 



Above are seven new ideas from Amphenol Industrial 
Division's Spectrum of interconnection capability. 

Amphenol 's SPECTRUM offers you all four levels 
of interconnections from our unmatched breadth of 
product line: 
Level 1 ... DEVICE TO BOARD OR CHASSIS. We offer 
interconnections for components such as tubes, re
lays, transistors, IC packages, trimmers, resistors or 
capacitors to a PC board or chassis. 
Level 2 . . . BOARD TO MOTHERBOARD OR BACK 
PLANE. We offer interconnections for PC boards or 

other sub-circuit modules to a motherboard or to a 
back plane. 
Level 3 .. . MOTHERBOARD OR BACK PLANE WIR
ING. We offer interconnections for levels to each other 
and to other sub-circuits with multi-layer circuit 
boards, wire wrapping , clip terminations, jumper tech
niques and dip-soldering. 
Level 4 ... INPUT/OUTPUT CONNECTIONS. We offer 
interconnections for power and signals to and from a 
system. This interface may be between sub-assemblies 
within the same enclosure or between individual units. 



From the simple tube socket-to a myriad of elec
trical/ electronic connectors-to complete and com
plex termination systems ... SPECTRUM. 

But SPECTRUM is far more than products. It is a 
depth of capability in engineering, manufacturing and 
quality control. Amphenol's SPECTRUM is a new 
height of service, availability and distribution backed 
by seven Amphenol interconnection-oriented divisions. 

Amphenol can fulfill your total interconnection re
quirements because we are not limited to specifics 
such as one or two product lines, one or two levels. 

Therefore we approach your interconnection needs 
with complete open-mindedness. 

For more new ideas and specific information, write 
for your copy of "SPECTRUM." Amphenol Industrial 
Division , Bunker Ramo Corp., 1830 South 54th Ave., 
Chicago, Illinois 60650. 

CHECK NO. 17 



DESIGN NEWS 

Electron microscopes move ''on line'' 
at semiconductor manufacturers 
One of the most amazing shows 
that you ' ll ever see was demon
strated to EON late last year when 
Dr. S. K. Behera of Microsystems 
International, Ltd ., in Ottawa, let 
us see a fifteen minute video-tape 
of a 1 k-bit semiconductor RAM. 
The tape was made by a scanning 
electron microscope (SEM) operat
ing in what is known as the volt
age-contrast mode. Dr. Behera 
had worked out a method of strob
ing his SEM video display in order 
to slow down the apparent operat
ing speed of the RAM. The result 
was that when a negative voltage 
was applied, the semiconductor 
surface turned white so you could 
watch the address, read, write and 
storage elements in operation . 

Aside from the entertainment 
value, it turns out that most large 
manufacturers of semiconductors 
now use SEMs routinely for evalu
ation of all of their new products 
and processes. 

The techniques developed by 
Dr. Behera allow Mil's circuit de
signer to verify the operational 
integrity of his device as well as to 
readily detect design errors , mask
ing faults or potential reliability 
problems. All new memory cir
cuits designed by Microsystems 
are currently subjected to this 
analysis. Doubtless, this technique 
helped MIL greatly in producing 
their new 4k-bit RAM. It also gives 
the device-analysis engineer a 
powerful tool for quickly deter
mining failure mechanisms in 
defective devices. 

MIL has used the SEM voltage
contrast techniques to analyze the 
oerformance of MOS and bipolar 
memories with densities up to 4k 

14 

Fig. 1- Two stages of an MOS flip-flop 
array shown in voltage-contrast mode 
scanning electron microscope photos. 
Shown c lockwise from the left are count 
input, -;- 2 output and -;- 4 output wires. The 
more white the wires appear, the more 
negative is thei r voltage potential. Note the 
alternating O NEs and ZEROs depicted by 
the -;- 2 and -;- 4 wires . Photos by Tony 
Gonza les, Motoro la. 

bits. Using external-driving cir
cuitry, information moving through 
each stage of a shift register, or pat
terns of information placed into the 
memory of a device, can be visu
ally observed and voltages can be 
measured with an accuracy of 50 
mV anywhere on the surface of the 
device. 

The SEM consists of a tungsten
filarnent electron source with three 
electromagnetic lenses which fo
cus the electron beam to a spot of 
approximately 10 nM in diameter. 
The beam is scanned across the 
surface of the specimen in a square 
raster. The specimen is mounted 
on a stage which gives five degrees 
of movement (X, Y and Z displace- . 
ment, plus tilt and rotation ). The 
complete system is operated in a 
vacuum of 10- 5 torr. The rest of the 
system consists of ' detection, am
plification and imaging of the sig
nals produced by the electron 
beam. 

The high-energy (2 to 10 KeV) 
beam of primary electrons interact 
with the surface of the solid speci
men, producing a variety of sig
nals which include: secondary 
electrons (energies ranging from 
1.0 to 50 eV), back scattered elec
trons (energy approximately equal 
to the primary electrons-depen
dent on the atomic number of the 
elements) , X-rays (used in compo
sition analysis), light, absorbed 
electron current (dependent on the 
atomic number of the elements) 
and beam induced current. 

For studying semiconductor 
devices, three modes of operation 
are used. These are : the emissive 
mode, the voltage contrast mode 

E D ~ ,\\ r\ R C H 5, 1 9 7 3 



Fig. 2- Aluminum conductors on ICs have 
failed because voids whi ch occur during 
manufacture tend to migrate against the 
electron flow and group together. In this 
sequence from Motorola photo (a), taken 
after 28 minutes of high-current operation, 
a group of these voids begin to form about 
2/3 of the way up the conductor. Photo (b) 
(40 min. ) and (c) (60 min.) show these 
voids growing, reducing the cross sectional 
area of the 1 x 1 2 µ.m stripe. Photo (d) 
shows another view of the failure which 
occurred in just over one hour. By operat
ing at current densiti es of 2 million A/cm2 , 

a failure that would take years in normal 
operation can be reproduced in a very 
short period. Photos by Motorola. 

and the beam induced current ing process steps. 
mode. 

The emissive mode 
The secondary electrons, being 

of low energy, originate within 
1 OOA of the specimen surface. 
These electrons are detected by a 
scintillator-photomultiplier system. 
The signal is amplified and fed to 
a CRT to modulate the intensity 
and thus provide an image of the 
surface of the specimen. The high 
resolution and large depth of focus 
obtained from the scanning elec
tron microscope provides a 3-
dimensional like image of the 
specimen on the CRT. 

The emissive mode of operation 
is very useful in the study of the 
surface of semiconductor devices. 
Typical areas of application are in 
process control and quality con
trol for: identifying pinholes, 
voids, undercutting and general 
cosmetics of metallization and 
oxides ; electromigration ; bond 
characteristics and intermetal lie 
formations. 

Most of the large semiconductor 
manufacturers presently use this 
technique on a routine basis to 
ensure integrity of all manufactur-

Voltage contrast mode 
The secondary electrons emitted 

from the specimen surface are 
very sensitive to surface potentials . 
When a semiconductor device is 
biased, areas of different potentials 
give rise to contrast in the image. 
The contrast is caused by changes 
in the collection efficiency of the 
detector which in turn are caused 
by changes in the path of the sec
ondary electrons. The construction 
of the detector system is such that 
negative potentials appear bright 
and positive potentials dark. 

Using this mode of operation, it 
is possible to observe and deter
mine the exact functional behavior 
of large-scale integrated circuits. 
Recent work has shown that func
tional behavior of MOS memories 
(RAMs, ROMs and pROMs) and 
shift registers can be studied suc
cessfully and that defect analysis 
time can be reduced immensley. 
By properly calibrating the con
trast, it is possible to use the elec
tron beam as a floating probe to 
measure threshold voltages, trans
fer characteristics of inverters and 
internally generated clock voltages 

Fig. 3 - A single diffused resistor from an IC op amp of the 709 type, photographed with 
an SEM under the voltage-contrast mode, clea rl y depi cts the distributed voltage drops 
along its entire length . The black (top) portion is the most positive and the white (bottom) 
portion is the most negati ve. Photo by Dr. 5. K. Behera, Microsystems International. 
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at any point within the complex 
device circuit. 

Using a TV scanner in the sys
tem, video-tape recordings can be 
made of a device operation, 
which becomes very useful for 
studying dynamic properties of the 
circuit. Stroboscopic techniques 
(i .e. , strobing the electron beam at 
the operating frequency of the 
device) are used to freeze the 
image for studying devices at their 
maximum operating frequency. 

Beam induced current mode 
The primary electron beam, 

when bombarding the surface of a 
semiconductor device, produces 
hole-electron pairs. In the neutral 
zone, these pairs recombine, 
whereas in p-n junction areas, due 
to the potential s involved , the car
riers move in opposite directions 

resulting in a current, cal led the 
beam induced current. 

This current can be amplified 
and imaged on the CRT to delin
eate the junctions of semiconduc
tor devices. Properties, such as 
junction width, carrier life time and 
doping concentrations can be 
measured using this technique. 
Defects, such as ragged junctions, 
discontinuous junctions, shorted 
junctions and diffusion spikes, can 
be readily observed. 

What of the future uses? 
Al l of these features have been 

used to great advantage in produc
ing more reliable semiconductor 
products and have made the SEM 
one of the most useful process 
controls available. It's greatest 
contribution may still be ahead. 

Recently, researchers at IBM 

reported in Scientific American 
that they had succeeded in using 
an electron beam to expose the 
photoresist patterns on a semicon

ductor wafer and had produced 
devices an order of magnitude · 
smaller than those possible using 
I ight-exposure techniques. 

While an electron-beam device 
used for production purposes may 
not be an SEM in the strictest term, 
most of the techniques and com
ponents are identical. 

Richard Flutie of Harris Semi
conductor feels that an electron
beam generation of device geome
tries will be on the production line 
in just about three years. This may 
be the process breakthrough that 
allows such advancements as 30k
bit monolithic memories to be
come producible and start an
other round of LSI activity. - BF D 

IC dual tracking regulators prove to be popular items 
yet few devices are interchangeable for second sourcing. 
Three years ago the first dual 
tracking regulator IC offered the 
designer an alternative to bulky 
modules and the 1 /2 pound dis
crete component regulator cir
cuits. Silicon General's SG1501 
was the first to appear; today there 
are thirty such devices to choose 
from. Apparently the demand for 
these compact dual regulators is 
hot; three semiconductor manu
facturers are now pushing them 
and a fourth is about to enter the 
contest. 

So far, the three manufacturers 
have copied some of each other's 
mistakes, and each has contribu
ted a few on ·his own. Overall , 
there are many very excellent de
vices among these, but to date, 
not one of them has an alternative 
manufacturing source. Some are 
quite close to being plug-in sec
ond-source parts for another regu
lator chip of the thirty , but none 
match any other part wel I enough 
to be its second source. Perhaps 
Silicon General , Raytheon Semi -
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conductor and Motorola Semicon
ductor are all groping for a dual 

tracking regulator design that 
everyone will want. Charging off 

Part 
number 

SG1501 
SG2501 
SG3501 

SG4501 

SG1501A 
SG2501A 
SG3501A 

Description 

The first monolith ic DT VRs; 
lacked thermal shut-down, 
voltage adj . & balance adj. 

100mA output current 

Same as non "A" versions, 
but with the above mentioned 
features added 

RC4194D Simi lar to SG1501A series 
AC4194T K T0 -66 

RM4194D 
AM4194TK 

RC4 195T 
AC4195T K 
RC4195DN 

AM4 195T 
RM4195TK 
AM4 195DN 

MC1468 L 
MC1468G 
MC1468R 

MC 1568L 
MC1568G 
MC 1568R 

LM125 
LM126 
LM 127 
LM128 

14-pin DIP IT0 -116) 
T0-66 

T0-100; the 95 is a fi xed 
voltage regu lator, unlike 
the 94 adjustable version 

Similar to SG 1501 series 
T0-100 
T0 -66 

T0-116 
T0 -100 
T0 -66 

+15V & - 15V fixed 
+12V & - 12V fixed 
+5V & - 12V fixed 
Adj . from ±12V to ±30V 

TABLE I 

Comments Manufacturer 

The 1501 i~ mil. Silicon General 
The 2501 & 3501 are com. 
The 3501 has slightly 
looser specs than the 2501 
The 4501 is the economy model 
ava ilable in 14-pin D IP and 

TD-100 I 10 lead T0-5) 

But not a second source 

Mis for mil. 
C is for com. 

In a T0 -66 package 
In an 8-pin mini D IP 

Mil versions, see the 
three preceeding 
devices 

But not a second source 
1468s are com. 

1568s are mil. 

Not available for a few 
months yet 
For MOS memories,( LM127) 

Raytheon Semiconductor 

Motorola Semiconductor 

National Semiconductor 

Table 1- The lineup of IC dual tracking voltage regulators shows little compatibility 
among devices. 
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TABLE II 

Representative VOUT v,. Output Power De rate Package Current Balance Tem p. 
current TA @25°C above 25°C limit adjust range part range range 

(mWf C) adjustable? avai lable? (V ) (V ) max. (mW) 
(mA) 

SG2501 10-23 12·30 100 680 5.4 T0-100 yes yes com 
1000 8.0 T0 -116 

SG1501A 8-23 10-35 200 680 5.4 T0-100 yes yes mil 
1000 8.0 T0-116 

MC1468 14.5-20 16.5-30 100 800 5.4 T0-100 yes yes com 
MC1468 14.5-20 16.5-30 100 1000 6.7 T0-116 yes yes com 
MC1468 14.5-20 16.5-30 100 2400 16 T0-66 yes yes com 
RM4194 0.05-42 9.5-45 200 3000 24 T0-66 yes yes mil 
RC41 94 0.05·32 9.5-35 200 3000 24 T0-66 yes yes com 
RM4195 fixed 18-30 100 600 9 B·pin no yes mil 

mini DIP no yes mil 
RM4 195 fixed 18-30 100 800 5.4 T0-100 no yes mil 
AM4195 fixed 18-30 100 2400 16 T0-66 no yes mil 

Table 2- 0verview of key parameters of available IC dual tracking voltage regulators. 

Table 2- 0verview of key parameters of avail able IC dual tracking voltage regulators. 

in all directions still seems to be 
the trend. In about three months, 
National Semiconductor will be 
announcing twelve new parts, all 
quite different from the thirty de
vices now available. 

The incompatible OTVRs 

Silicon General's SGl 501, the 
first IC DTVR, operates over the 
military temperature range and is 
nearly identical to its 0°C to 70°C 
counterparts the SG2501 and the 

SG3501. Except for compensating 
capacitor termination , it is pin-for
pin identical to Motorola's 
MCl 468 and MCl 568 in both the 
T0-116 ceramic DIPs (designated 
"L" suffix by Motorola and called 
a D-package by Silicon General) 
and the T0-100 metal can (desig
nated case 603-3 or " G" suffix by 
Motorola and called a T-package 
by Silicon General). With the SG 
parts, the compensating capacitors 
must be connected from the 
" comp" inputs to the respective 
regulated outputs ; whereas with the 
MC parts, the two capacitors go 
from the " comp" inputs to ground . 
A confidentia l source told EON 
that it was Motorola's intention to 
second source the Silicon General 
ptlrts, but they found the SG part 
design difficult to produce. 

In redesigning the chip circuit 
for easier production, the frequen
cy compensating capacitor con
nection compatibility was lost, 
hence, the Motorola parts are 
almost second sources for Silicon 
General 's but not quite. 

Raytheon decided to go its own 
route with the RC4194/RM4194, 
making no attempt at compatibil
ity with either of the other two 14-
pin DIPs (T0-116), or with the 
pin-outs of Motorola's "R" suffix 
power package. These three semi
conductor houses all offer DTVRs 
in T0-100 metal cans, which are 
like T0-5s, but with ten leads in
stead of three. 

Silicon General has a plastic 14-
pin DIP version of the original 
1501 design for commercial appli-

, cations where cost is a major con
sideration. The SG4501 in its plas
tic 14-pin DIP N-package boasts 
output currents to 100 mA per 
side, 2V minimum input-output 
differential and 600 mW power 
dissipation at 25°C, derated at 
higher temperatures by 6.0 
mW/°C up to +70°C. 

This brings us to one of the most 
embarrassing dichotomies in spec 
sheet history. Many of these de
vices are specified to deliver 100 
to 250 mA per side of the DTVR 
part, while the package's po~er 
dissipation limits their practical 
use to a fraction of such currents 
in many cases. Minimum and 
maximum differentials run 2 or 3V 
minimum and up to 27V - and 
even 45V. This means that in a 
typical application such as power
ing ± 15V op amps on a pc card, 
you might need a cold hurricane
force air flow over your ± 15V 
DTVR to get the electrical current 
you need. 

Speaking of specification sheet 

7261 SL 7263 7264 7265 

Giga-Trim ® (gigahert~-trimm~rs) 
are tiny variable capacitors which 
provide a beautifully straight for
ward technique to fine tune RF 
hybrid circuits and MIC's into 
proper behavior. They replace 
time consuming cut-and-try ad
justment techniques and t!im
ming by interchange of fixed 
capacitors. 

Applications include i~pedan~e 
matching of GHz transistor cir
cuits, series or shunt "gap-trim
ming" of microstrips, exter?al 
tweaking of cavities, and fme 
tuning of crystal oscillators. 
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MANUFACTURING CORPORATION 
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Dia light 
sees a need • • (Need: Find a very small fault in a very large system.) 

See Dialight. 
All printed-circuit boards need a fault indicator; that 's 
why Dialight has developed such a broad family. These 
tiny LED devices signal where and when a fault occurs 
in a complex electronic circuit - and this can reduce 
downtime to a minimum. With some Dialight fault indi 
cators, you can get as many as 10 units in just l " of 
space. These devices, which come in a variety of sizes, 
are designed to operate from 1.6 to 14 volts and are 
available with both axial and right angle leads. They 

can be dr iven directly from DTL or TTL logic and can also 
serve as logic-state indicators, binary data displays, or 
just as indicators, as in this p-c board furnished by 
Slruthers-Dunn,lnc.' But Dialight's fault finders are only 
a small part of their fast growing family of light-emitting 
diodes. Additional opto-electronic devices are extensively 
used in cartridges, lighted push-button switches, opto
iso lators, and readouts, all supplied by Dialight. A wide 
vari ety of discrete LEDs further adds to the broad family. 



Dialight is a company that looks for 

needs ... and develops solut ions . 

That's why we developed the indus
try's broadest line of switches, indi

cator lights and readouts using 

LEDs. No other company offers you 
one-stop shopping in all these 
product areas. And no one has more 

experience in the visual display 

field . Dia light can help you do more 

with them. Talk to the specialists at 

Dial ight first. You won 't have to talk 

to anyone else . We can help you do 

more with LEDs than anyone else 

because we've done more with 

them . 

Here are a few products in this 

family: 1. Ultra-miniature ind ica

tor lights 2. Datalamp cartr idges 

3. Bi-pin LED lamp 4. Opto-iso

lators 5. LED solid state lamps 

6. Logic state fault ind icators 

* Used in their VI P Programmable Contro l ler 

s. 

Please send data on your LED products. 

NAME 

TITLE 

CO M PA NY 

AD DRESS 

CITY STATE 

11/ALIGl-IT 
Dialight Corporation. A North American Philips Company 
60 Stewart Avenue, Brooklyn, N.Y. 11237 (212) 497-7600 
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dichotomies, many of these dual 
tracking voltage regulator ICs 
boast of both high-output current 
capability and good regulation 
parameters, measured with 0 or 1 
mA load current. In addition , 
high-input voltage capability and 
high-output current do not usually 
go well together with regulator 
power dissipation in the order of 
1/2to3W. 

The most common application 
is of course, ± 15V for op amps. 
With unregulated V;

11 
specified at 

± 45V on a regulator that can de
liver 250 mA, that's up to 15W to 
be dissipated by the regulator. 
This tends to defeat the benefits of 
its compact size (power dissipa
tion distribution with local regula
tors then means local heat sinks 
and perhaps local fans) . 

Most of the DTVRs have both 
current-I imit and over-temperature 
protection on chip. Some are fixed 
at ± 15V, others are adjustable. 
Some have a balance adjust input 
capable of making the plus and 
minus voltages asymmetrical. 

Raytheon is introducing an 8-
pin mini DIP DTVR with internal 
current limit, thermal shut down 
and compensation (it has optional 
comp inputs which are needed if 
an external pass transistor booster 
is used). Their RC4195/RM4195 
will be offered in both T0-66 and 
14-pin DIP as well as the 8-pin 
mini DIP. It is a fixed ± 15V regu
lator which requires only two ex
ternal components, a 10 µ,F solid
tantalum capacitor from each out
put to ground. The simple-to-use 
fixed voltage DTVR, like the 4195 
looks like the next trend in DTVR 
design since National Semicon
ductor plans to announce a series 
of them in a few months. 

ICDTVRs, present & future 

As the above summary and ta
bles indicate, there is a large 
choice of IC dual tracking regula
tors now on the market. They all 
have about the same basic fea
tures, but vary in pin configuration 
and in electrical parameters. Each 
of the three suppliers has its own 

chip design and packaging ideas, 
but none of the parts are second 
source for any other. We have 
witnessed similar lack of direction 
at the beginnings of other new 
product areas ; history repeats itself 
as each competing vendor strives 
to get a better product on the mar
ket faster than the next guy. 

The X501 As have upgraded 
output current capacity over their 
predecessors, the X501 s, but to 
date, Silicon General has not of
fered the device in a power pack
age like the T0-66 offered by Ray
theon and Motorola. The X501 A 
chip is willing, but its T0-100 and 
T0-116 packages can't handle 
much heat transfer. Silicon Gen
eral is off the track for those de
signers who want heavier current 
capability; in most cases it's not 
easy to get 200 mA at 15V from a 
regulator output without a good 
means of taking away the regula
tor's heat. A 4194 in the T0-66 
power package can deliver 200 
mA from each output with few 
heat dissipation problems; like
wise the 1468/1568, in its power 
package, is rated at 100 mA per 
side. The 501 A/2501 A/3501 A is 
specified for ' 200 mA per output, 
but so far it is not available in a 
package that can reasonably han
dle the heat. 

The 4194 is not internally set for 
± 15V outputs as are the others. It 
has the widest output voltage 
range, ±0.05 to. ±32V (commer
cial ), and to ±42V with the mili
tary version . The SG2501 A can be 
adjusted from 8 to 23V; and the 
1468 and 1568 can be adjusted 
from 14.5 to 20V. Using its bal
ance adjust input, the 4194 can be 
asymmetrically trimmed to +5V 
and -12V for MOS memories. 

Raytheon's 4195 may mark a 
turning point in the proliferation of 
IC dual tracking voltage regula
tors. Like the 3-pin single regula
tors (see pg. 52, EON, Feb 20, 
1973), the voltage is fixed and 
external components are reduced 
to a minimum (2 bypass capaci
tors on the 2 outputs), plus current 
limit and over-temperature protec-
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tion are included on the chip. It 
is available in a mini DIP and 
no compensating capacitors are 
needed unless external current
boost pass transistors are used. 
The 4195 is specified at 1 00 mA 
output current per side, limited in 
the case of the mini DIP to about 
50 mA by its dissipation rating. It 
has plus and minus viii pins , 
ground pin, plus and minus V0111 

pins, balance adjust pin and two 
compensating capacitor pins need
ed only where external pass tran
sistors are used . 

Using the same concept, a sim
ple-to-use fixed voltage DTVR, 
National Semiconductor plans to 
produce a series of such parts to 
be available in about 3 months. 
The four members of the series 
will be available in three different 
packages: the T0-100, the 14-pin 
DIP and a new one, a molded 14-

pin DIP power package soldered 
to a plated-copper bar designed to 
fasten to a larger heat sink. This 
new package is rated at 8W at 
25°C, derated at higher tempera
tures by l 2mW/°C. The new de
vices will have all the usual good
ies; internal current limit, over
temperature protection , bui It-in 
compensation, plus pins for op
tional current boosting with cur
rent limiting for the external de
vice. Load capacitors are not 
needed at the outputs. The chip's 
output stage wi 11 be good for 1 00 
mA each side. With the 14-pin 
DIP packages, three pins are inter
nally tied together for each of the 
Vi

11 
connections to provide the 

option for using them shorted ex
ternally to get better heat transfer 
from the device's output stage. 
National's new parts are : 

· LMl 25 fixed at +&- l 5V. 

Electronic response system promotes 
student-teacher communications 
An electronic student response 
system is helping to increase the 
efficiency of student-teacher 
communication at the University 
of Southern California School of 
Medicine. The system, recently 
installed in the Louis B. Mayer 
Medical Teaching Center, allows 
individual student part1c1pation 
and response which would other
wise be impossible in the large 
classroom environment of the 500 
seat auditorium. 

As questions are presented by 
the instructor, a pushbutton device 
on the arm of 265 seats allows the 
students to pick one of five possi
ble answers. The device immedi
ately indicates to the student 
whether he is right or wrong, and 
indicates to the instructor the per
centage of the class responding, 
and the percentage correct or in
correct for each possible answer. 

An electronic scanner collects 
individual student responses and 
feeds them to a computer, which 
analyzes the data and then prints 
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Questions are initiated at the teacher's 
console of the electroni c student response 
sys tem. The console then indica tes how the 
class answered the question. It does this by 
percent correct and percent who selected 
each wrong answer. 

it out on a teletypewriter. This 
provides the instructor with a de
tailed analysis of question-by
question performance by individu
al students, and the class as a 
whole. Thus, the instructor can 
rapidly assess student understand
ing of materials presented and 
identify areas that need additional 
attention . 

LMl 26 fixed at +&- l 2V. 
LM127 fixed at +5V and 
-12V 
for MOS memories 
LMl 28 adjustable with two 
external resistors from + & -
l 2V to + & - 30V. 

For specifications and applica
tions, circle these numbers : 
Motorola Semiconductor Products 
Div., P.O. Box 20912 , 5005 E. 
M cDowell Rd ., Phoenix, AZ 
85036 RS No. 276 

Semiconductor Div., 
St. , Mt. View, CA 

Raytheon 
350 Ellis 
94040 RS No. 277 
Silicon General Inc. , 7382 Bolsa 
Ave. , Westminster, CA 92683 

RS No. 278 
National Semiconductor Corp. , 
2900 Semiconductor Dr., Santa 
Clara, CA 95051 RS No. 279 
- JM D 

Students use a pushbutton panel to select 
the right answer to questi ons chosen by the 
instructor. A fl ashing light on the panel tells 
the student if his response is correct. 

The new system represents a 
marked advantage over the tradi
tional method of assessing student 
comprehension by giving quizzes, 
which have to be graded and then 
returned to the student- a tedious 
process entailing a long time-lapse 
between presentation of the ma
terial and the instructor's deter
mining how the material has been 
assimilated . 
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As noted by Dr. Phil Manning, 
Professor of Medicine and Asso
ciate Dean of Postgraduate Medi
cal Education at USC, "The new 
system will allow the USC faculty 

to organize problem-solving ses
sions with active participation in 
large groups. These activities have 
previously been restricted to small 
groups." 

The $80,000 system was de
signed and installed by Instruc
tional Industries, Inc., of Ballston 
Lake, NY. -FE o 

Hewlett-Packard's HP-35 calculator has 
a brother. One for the financial market. 
Buoyed by the fantastic success it 
has had with its Model 35 elec
tronic calculator (sales have 
topped 50,000 units so far, world
wide, in the last 11 months ac
cording to president William 
Hewlett) , Hewlett-Packard is intro
ducing its twin brother, the Model 
80. This one is aimed at the bank
ing, real estate, accounting and 
finance markets. 

Weighing only 9 oz, the Model 
80 is designed to do virtually all 
financial calculations involving 
the relationship between time and 
money. Far from being capable of 
performing the four basic func
tions of addition, subtraction, mul
tiplication and division, the HP-80 
is preprogrammed to do 36 sepa
rate financial computations. 

These calculations include bond 
yield and price, compound inter
est, mortgage payment and analy
sis, trend lines, rate-of-return anal
ysis, accrued interest, discounted 
notes, true equivalent annual 
yield, annual percentage rate con
versions, and mean and standard 
deviation. It is also a 200-year 
ca lendar. 

Whereas the HP-35 scientific 
calculator has one level of pro
gramming, the HP-80 has two. An 
entire program needed to solve a 
specific equation is executed, in
cluding the necessary subroutines, 
all w ith one keystroke. 

Four temporary memory regis
ters used in the HP-80 are ar
ranged in a stack, in the same way 
as in the HP-35 scientific calcula
tor. Like the HP-35 , the HP-80 
uses reverse Polish (Lukaie
wicz) notation. This scheme helps 
achieve the goal of packing a 

Capable of performing 40 separate financial calculations, Hewlett-Packard' s new HP-80 
$395 calcu lator, designed as an outgrowth of the HP-35 scientific ca lculator, is directed at 
banking, real estate, accounting and finance market appli cations. 

great deal of calculator power into 
a very small space. 

The operational stack consists of 
four registers, X, Y, Z and T. The 
stack stores intermediate results 
and the calculator automatically 
recalls them from the stack when 
required for further processing. 
This eliminates the need for man
ual scratch notes or re-entry of 
intermediate answers. Only the 
contents of the X register are dis
played on the 15-character 7-
segment LED display. 

The HP-80, just as the HP-35 
uses specifically designed MOS/ 
LSI circuits that utilizes a low-

power, high-performance ion-im
plantation process. The HP-80 uses 
seven ROMs vs three for the 
HP-35. The four additional ROMs 
handle logic needed to solve the 
complex equations uti Ii zed. 

Powered by rechargeable nick
el-cadmium batteries with about 
five hours of operating time, the 
HP-80 can also operate from 
115/230V, 50/60 Hz. An ac adap
ter-recharger is provided. Power 
dissipation is 500 mW for battery 
operation and it is SW for ac power 
line operation. 

Price of the new HP-80 is $395 . 
-RA D 
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Twice: 

Control Data Did 

Control Data's reputation was built 
on providing computers with high 
throughput/dollar capabilities. That 
capability must be protected by 
assuring their customers ultra
rel iable computers. Therefore , 
when Control Data assigns a scope 
to a computer, that scope must be 
as reliable as their computer. This 
makes reliability equally as impor
tant a consideration as perfor
mance - In both categories , H-P's 
portable is a scope that meets 
Control Data's rigid requirements. 

It Pays To Compare. 
Before choosing any scope- from 
the smallest portable to the most 
sophisticated lab model - make a 
careful evaluation and comparison. 
If you need a portable, remember 
that HP portables with self
contained batteries give you go
anywhere capability to meet your 
most demanding field service re
quirements . A sealed case with no 
fan or vent holes frees you from 
worry about dust and moisture. 
For a lab system, compare the 
flexibility offered by the broad 
range of compatible plug-ins . Then 
call us for a hands-on demonstra
tion of the combination that best 
fits your needs. 

Look Into Price. 
Analyze your total measurement 

needs , then ask both ma nufacturers 
to submit prices . On currently 
available model s, you'll find that 
HP can save you mone y - lots of 
it in most cases. Check carefully 
on all aspects of cost and perfor
mance. Whether you are comparing 
real-time systems with or without 
delayed sweep, or sampling units ,, 
you ' ll find that HP still offers a 
cost/performance advantage. 

Check Ease-of-Use. 
Compare simplicity of controls, 
display size and error-prevention 
devices . Does the scope have use
fu I, time-saving features , like 
selectable input impedance , 
variable-persistance storage and 
simplified sampling? Check writing 
speed; H P's new burn-resi stant 
storage scopes are brighter than 
scopes have ever been , and write 
at a speed up to 400 cm/ µ,sec . This 
means you no longer need to bury 
your head under a scope hood to 
view fast-risetime , low-rep rate 
signals. 

Don't Neglect Calibration 
And Service. 
Compare calibration time needed 
for each manufacturer's unit. 
You ' ll find it takes less time with 
an HP scope. In fact , some com
panies bought HP scopes because 
of this one fact alone . You' ll al so 
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di scover that HP scopes are 
backed by video tapes which cut 
the time you spend training your 
calibration people. 

Think Twice: Like 
Control Data. 
You owe it to yourself to make 
these comparisons before you 
choose your next scope . To help 
you compose the check list for the 
scope that meets your personal 
needs , send for our "No-Nonsense 
Guide to Oscilloscope Selection." 
Or, contact your local HP field 
engineer for a demonstration . 
Think twice and check before you 
choose. Hewlett-Packard , Palo 
Alto , California 94304. In Japan: 
Yokogawa - Hewlett-Packard , 
1-59-1 , Yoyogi, Shibuya-Ku, 
Tokyo 151 , Japan . In Europe: 
HPSA , P.O. Box 85, CH-1217 
Meyrin 2, Geneva, Switzerland. 

Scopes Are Changing; 
Think Twice. 
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NOY( 400V & 600V 
DARI INGIONS FROM 
I] Delco Electronics 
DIVISION OF GENERAL MOTORS CORPORATION, KOKOMO, INDIANA 

SAFE OPERATING CURVES 

:: N ::S:: l"IJ ~ :'S.: lY<i,' 
::s: ::s;: ~~~ ~ 

o.01s '-L...L..L...L1.&,-o ---''--'---'-'-..O...W.,1'""'00--'---'c..,.'°°~llOO 
COLLECTOR-EMITTER VOLT AGE (voht) 

0.01~~-~~~~-~~ 
5 10 100 325 '°° 

* 
COLLECTOR-EMITTER VOLTAGE (volts) 

* •Reverse Bias Required 

TYPE VeEO le VEBO 
(Cont.) (Max.) 

DTS-4040 400V 15A 20V 

DTS-4045 400V 15A 20V 

DTS-4060 600V 15A 20V 

DTS-4065 600V 15A 20V 

Delco's new DTS-4000 series Dar
lingtons with Vcrn·s of 400V and 
600V are triple diffused mesa units 
built for rugged duty. They come to 
you with a practical 15 Ampere rat
ing that you can depend on all the 
way up to the high voltage require
ments of ac motor speed controls, 
for instance-or the 1.5 kW switch
ing regulator in the illustration. 

And they offer new possibilities 

in circuit design where de drive 
conditions may have created awk
ward problems when using SCR 's. 

Our new Darlingtons can save 
you space and give you more design 
flexibility. The high energy capa
bility of the DTS-4000 series is 

VeEQ(sus) hFE@ le tt Po(max.) (com. base) 

325V 250/3A 0.25µs lOOW 

325V 500/3A 0.25µs lOOW 

400V 250/3A 0.25µs lOOW 

400V 500/3A 0.25µs lOOW 

N PN-Triple diffused Darlington transistors packaged in solid copper T0-204MA (T0-3) cases. 
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HIGH ENERGY 
THE KOKOMOANS. 

backed by safe operating curves 
up to 600 volts, as shown at left. 
And to further aid your circuit de
sign hFE is plotted continuously 
from 15mA to the maximum col
lector current rating of 15A. 

As you expected, the new DTS-
4000's are in stock and ready for 
delivery. Contact us or your nearest 
Delco distributor for complete de
tails. Ask for Application Note 52 
on the switching regulator. 

Now available from these 
distributors in production quantities: 
ALA .. BIRMINGHAM • Forbes Distributing Co. , Inc . 
(205)-251 -4104 
ARIZ .• PHOENIX • Sterling Electronics (602)-258-
4531 
CAL., LOS ANGELES • Kierulff Electronics, Inc. 
(213)-685-5511 • Radio Products Sales. Inc. (213)-
748-1271 
CAL., PALO ALTO• Kierulff Electronics, Inc. (415)-
968-6292 
CAL., REDWOOD CITY • Cramer / San Francisco, 
(415)-365-4000 
CAL., SAN DIEGO • Radio Products Sales, Inc. 
(714) -292-5611 
CAL., SAN DIEGO • Kierulff Electronics, Inc. (714) -
278-2112 
COLO., DENVER • Cramer/ Denver (303) -758-2 100 
CONN ., NORWALK o Harvey/ Connecticut (203)-
853-1515 
FLA .• MIAMI SPRINGS • Powell / Gulf Electronics 
(305)-885-8761 
FLA., ORLANDO • Powell / Gulf Electroni cs (305)-
859-1450 

ILL., ROSEMONT (Chicago) • Kierulff Electronics 
(312)-678-8560 
ILL., SKOKIE (Chicago) o Bell Industries (312)-
282-5400 
IND .• INDIANAPOLIS o Graham Electronics Supply, 
Inc. (317) -634-8202 
MD., BALTIMORE• Radio Electric Service Co. (301) -
823-0070 
MASS., NEEDHAM HEIGHTS • Kierulff Electronics, 
Inc., (617)-449-3600 
MASS., NEWTON• The Greene-Shaw Co. , Inc. (617)-
969-8900 
MICH .• FARMINGTON o Harvey-Michigan (313)-477-
1650 
MINN ., MINNEAPOLIS o Stark Electronics Supply 
Co. (612) -332-1325 
MO., NO. KANSAS CITY • LCOMP-Kansas City, Inc. 
(816)-221-2400 
MO., ST. LOUIS o LCOMP-St. Louis, Inc. (314) -647-
5505 
N.J ., CLIFTON • Eastern Radio Corporation (201) -
365-2600, (212)-244-8930 
N.Y. , BINGHAMTON • Harvey/ Federal (607)-748-
8211 
N.Y., EAST SYRACUSE • Cramer/ Syracuse (315) -
437-6671 
N.Y., ROCHESTER o Cramer/ Rochester (716)-275-
0300 
N.Y .• WOODBURY • Harvey/New York (516) -921 -
8700, (212)- 582-2590 
OHIO, CINCINNATI • United Radio, Inc. (513)-761 -
4030 
OHIO, CLEVELAND • Pattison Supply (216) -441-
3000 
OHIO, DAYTON • Kierulff Electronics (513)-278-
9411 
PENN .• PHILADELPHIA • Almo Electronics (215) -
676-6000 
PENN ., PITTSBURGH • RPC Electronics (412) -782-
3770 
S.C., COLUMBIA • Dixie Radio Supply Co., Inc. 
(803)-253-5333 
TEXAS, DALLAS • Adl eta Electronics Co. (214)-741 -
3151 
TEXAS, FORT WORTH • Adleta Electronics Co. 
(817)-336-7446 
TEXAS, GARLAND • Kierulff Electronics, Inc. (214) -
271-2471 
TEXAS, HOUSTON • Harrison Equipment Co., Inc. 
(713)-224-9131 
UTAH, SALT LAKE CITY• Cramer/ Utah (801) -487-
3681 
VA. , RICH MOND • Meridian Electronics, Inc., a 
Sterling Electronics Company (703) -353-6648 
WASH ., SEATTLE • Kierulff Electronics, Inc. (206) -
763-1550 
CANADA, ONT. , SCARBOROUGH • Lake Engineering 
Co., Ltd . (416)-751-5980 

ALL OVERSEAS INQUIRIES: 
General Motors Overseas Operations 
Power and Industr ial Products Dept. 
767 Fifth Avenue, New York, N.Y. 
10022. Phone: (212)-486-3723 

Kokomoans' Regional Headquarters. 
Union, New Jersey 07083 , Box 1018, Chestnut Sta 
tion, (201) 687-3770. 
El Segundo, Calif. 90245, 354 Coral Circle, (213)-
640-0443. 
Kokomo, Ind. 46901 , 700 E. Firmin, (317) 459-
2 175 (Home Offi ce) 

CHECK NO. 21 
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If you're not really 
serious about designing 
power supplies, then this 
kit will cost you 
$25.00 

Here's what you t technical 
articles on Pow , papers, excerpts from a 
forth coming t , -page brochure on designing switch-
ing regulators, full descriptive material on CDE's new UFT 
Low Inductance Aluminum Electrolytic Capacitor. 

Write on your company letterhead to Cornell-Dubilier Elec
tronics, 150 Avenue L, Newark, New Jersey 07101 - if you 
can 't wait, call (201) 589-7500. 

If you are 
serious
it's FREE! 

CORNELL
DUBILIER 

313 (COE) 
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Just what the doctor ordered: "Instant access" and "tell-all data" on scores 
of basic Cherry Snap-Action Switches and tens of thousands of variations. 
Complete with the unique Switch Selector-Locator that lets you choose-
in seconds!-the right snap switch for any application. Plus engineering 
drawings, specifications, operating characteristics and technical data. 
Plus, never-before-published "inside" information on Cherry's plant 
facilities, equipment, in-house manufacturing capabilities and worldwide 
sales offices. All in a handsome new, easy-to-use 72-page format. 
And It's yours for the asking: Just TWX 910-235-1572 ... 
or PHONE 312-689-no2 ... and ask for Frank. 

CHERRY ELECTRICAL PRODUCTS CORP. 
3600 Sunset Avenue, Waukegan, Illinois 60085 

• 
Cherry affiliates worldwide : Cherry Mikroschalter GmbH, 8580 Bayreuth, Bavaria ... 
Ch e rry Electrical Products (U . K . ) Ltd ., St. Albans , Herts ... G. W. Engin e ering Pty . Ltd . , Sydn ey CHECK NO. 23 
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Guaranteed fastest. 
Across temp and 'tc· 

Monolithic Memories could have chosen 
to be your first supplier for 256-bit 
bipolar RAMs. Instead we chose to be 
better. The chart tells how we're better. 
No gimmicks. No specsmanship. No 
fooling. The data sheet tells the rest of 
the story. Get it from our rep or 
distributor. 

If semiconductor memories are your 
thing, you'll want to know what MMI's 
up to. 
And if delivery's your problem, solve it 
by looking on our distributors' shelves. 
Look to MMI for leadership. First with 
2K bipolar P.ROMs. First with BK, 9K, 
and lOK bipolar ROMs. Now first with 
the fastest 256-bit RAMs. 

256-Bit RAM sources: 
FASTEST-SS ns. (2S6 x 1) guaranteed across temp & V" range 

Manufacturer Part No. 

Monolithic Memories 6530/31 

Open 
Collector 
Tri -State 

OC/TS 

Alternate source- GO ns. device (256 x 1) 

Intel 3107A/ 06A TS / OC 

Guaranteed 
Max. Access@ Conditions 

55 ns@ o• to 75°C, 5.0 Y" ±5% 

60 ns @0° to 75°C, 5.0 V" ±5% 

FASTEST- Mil Spec 70 ns. (2S6 x 1) guaranteed across temp & V" range 

Monolithic Memories 5530/31 OC/TS 70 ns@ - 55 to + 125°C, 5.0 Yoo ±10% 

!Note: The Tl 54200 and lntersil IM5533M are specified at 80 ns .. but only@ +25° C, 5.0 VJ 

Alternate sources--<'lO ns. devices (2S6 x 1) 

Monolithic Memories 6523/33 TS/OC 80 ns@ 25°C, 5.0 Yoo 

Texas Instruments 74200 oc 80 ns @ 25° C, 5.0 Voo 

lntersil IM5523 / 33 TS / OC 

If you need parts, call, TWX, or write Dale Williams tod11y. 

+125° 

Price 
OOO'sl 

$27 

$52 

$17 

Want more information? Call your local MMI distributor or rep; 
for evaluation units, call MMI Customer Service (408) 739-3535. 

Monolithic Memories, Inc. ID 
1165 East Arques Avenue , Sunnyvale , CA 94086 • (408) 739-3535 • TWX : 910-339·9229 MMHllltlllc

1 ~ ~}!!!L~[~ 
Representing your best buy In {nemorles: ALABAMA, Huntsville (205) 539-1771 ; ARIZONA, Phoenix (602) 264-7971; CALIFORNIA, Los Angeles (213) 398-6239; San Diego (714) 
747-3015 ; Palo Alto (415) 369-4671; COLORADO, Denver (303) 623-8713; CONNECTICUT, North Haven (203) 239-9762 ; FLORIDA, Orlando (305) 423-7615; ILLINOIS, Chicago 
(312) 455-5100 ; IN DIANA, Ft. Wayne (219) 744-4331; Indianapolis (317) 844-3241 ; IOWA, Cedar Rapids (319) 362-8155 ; KENTUCKY. Louisville (502) 893-7303 ; MARYLAND, 
Baltimore (301) 825-3330; MASSACHUSETI5, Boston (617) 653-3158 ; Needham (617) 444-2484; MICHIGAN, Detroit (313) 358-2020 ; Grand Rapids (616) 451-8901 ; MINNESOTA, 
Minneapolis (612) 929-6721; NEW JERSEY, Teaneck (201) 692-0200; NEW YORK, N.Y.C./ L.I. (201) 692-0200 ; Utica (315) 735-5566 ; NORTH CAROLINA, Raleigh (919) 834-6591 ; 
OHIO, Cincinnati (513) 521-2290; Dayton (513) 298-9546 ; Columbus (614) 888-9396; Cleveland (216) 228-7525; OKLAHOMA, Tulsa (918) 627-4159 ; OREGON, Portland (503) 
292-5656; PENNSYLVANIA, Willow Grove (215) 674-3850 ; Pittsburgh (412)242-0100 ; TEXAS, Dallas (214)239-9148; Houston (713)721-1054; WASHINGTON, Bellevue (206) 455-2778. 

For product information, circle number 220 For evaluation units, circle number 221 
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Wirewound or cermet-Dale's new 
low profile trimmers have important 
design advantages for your circuit. 
A full watt in less space - You can increase 
both part density and power handl ing abil 
ity with either the 2700 (wirewound) or 8700 
(cermet) series. Both dissipate one watt 
at 70° C. 

SPECIFICATIONS 

Resistance 

Tolerance 

2700 WIREWOUND 

10-SOK ohms 

:!:10% 

r;::::: 1 ooo -i More models - greater interchangeability 
i-- " --1 Choose from three different term inal 

T.C. 50 PPM/ ' C 

Wattage 1 watt/ 70' C 

1 ,la confi gurations with pin spacing identical to 
2?0 l _,_ many larger models. Reduce space as much 

Operating 
- 65' C to + 150' C Temp. Range 

8700 CERMET 

10-2 Meg. 

:!: 1 0% 100-SOOK 
:!:20% all other values 

:!:100 PPM/ ' C 

1 watt/70' C 

- 55' C to + 125' C 

as 64.6% without sacrif icing performance. Adjustability 20 turns (w ith cl utch to 

~ o---l 20-turn adjustability - Wiper arm adjusts 

r 75 l smoothly, quickly. Sits t ight under vibration 
and shock inside an immersion-proof case 

TJ
0 

sealed for production soldering and board 
TI washing. Flame retardant SE-0 grade ma

terial available upon request. 

1:-'.:'. --1 Priced less than 60c in 50,000 quantities. 
Available fast. Many standard decade values 

stocked for off-the-shelf delivery. Get the details. 
Write today or phone 402-564-3131. 

DALE ELECTRONICS, INC. 
1300 28th Ave., Colu mbus, Neb. 68601 

prevent overtravel damage) 

Dimensions .25" high by .165" wide by .75" long 

A subsidiary of The Lionel Corporation • In Canada : Dale Electronics Canada, Ltd. 

CHECK NO. 25 



Uniform manufacturing process 
results in consistent quality that 
lowers your installed cost. And 
cuts down unnecessary after
purchase expenses. As a result, 
some of our customers have 
been able to discontinue incom
ing inspection . The unique 

Allen-Bradleyhot-molding proc
ess minimizes the variations 
that make ordinary resistors 
noisy, thermally sensitive, and 
poor on power handling ability. 
If you think all resistors are 
the same, read: "7 ways to tell 
the difference in fixed resistors '.' 

CHECK NO. 26 

Free from you r A-B distributor, 
or write to : Allen-Bradley Elec
tronics Division, 1201 S. 2nd St. 
Milwaukee, WI 53204. Export: 
Bloomfield , NJ 07003. Canada: 
Allen-Bradley Canada Ltd., Galt, 
Ontario. United Kingdom: Jar
row, County Durham NE32 3EN. 

Allen-Bradley 
Milwaukee, Wisconsin 53204 

EC72-9 CC Allen -Bradley 1972 



For all that goes into a 
Heinemann Type J circuit breaker, 
it's amazing that it sells for so little. 

SHOCK- AND VIBRATION-RESISTANT 
CONSTRUCTION. A counterbalance affixed 
to the actuating armature serves to prevent 
mechanical tripping under conditions 
of shock (100 G's) and vibration 
(10 to 500 Hz, 10 G's). 

FUNGUS AND 
MOISTURE RESISTANCE. 
All ferrous parts are treated to resist 
moisture attack, and special 
inherently fungus-resistant 
phenolics are used for all molded 
parts-cases, cover, and handle. 

PRECISION CURRENT SENSING. The 
Heinemann hydraulic-magnetic sensing element 
provides closely controlled tripping 
characteristics with very accurate calibration. 
N orninal continuous-duty current rating is 
decimal-point precise, can be supplied in any 
integral or fractional value from 0.020 to 30 amp. 

ATTRACTIVE, FUNCTION AL 
PACKAGING. fype J circuit breakers are 
available with a variety of actuating 
devices-pushbuttons, rocker handles, 
and two types of toggle handles. For 
extra speed and convenience in 
mounting, there is a snap-in model that 
can be installed without hardware or 
tools. Our Bulletin J-3333 gives full 
details on the entire fype J line. It's 
yours for the asking. Heinemann 
Electric Co., 2626 Brunswick Pike, 
Trenton, N.J. 08602. 

HIGH-SPEED ARC QUENCHING. 
Fragmentation plates and a magnetic blowout 
are used to attenuate the arc and quench it away 

from the breaker contacts. This 
appreciably extends service life 

and reliability. 

SELF-CLEANING 
CONTACTS. The contact 
arm moves on a sliding pivot 
point, causing a wiping action 
every time the contacts are 
opened or closed. Contacts 
are made of silver alloy. 

ADAPTABILITY TO 

auxiliary switch shown here is one of 
seven standard internal circuit modifications 
optionally available. The miniature snap-action 
SPDT or DPDT switch is rated at up to 10 amp 
contact capacity, can be used to operate remote 
indicating or alarm devices. 

•-• • 

. ,, 

CHECK NO. 27 
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Designers Roundtable 

How users look at bench test 
equipment and its manufacturers. 
Specs, servicing and design are hot topics as usual, 
but you may find some new light shed on old problems. 

The problem of accurate communication is as 
old as man and has not yet been solved , even with 
the current technological explosion . The areas of 
science and engineering, which are noted for 
their precise definitions and measurement, still 
have their communication problems. This be
came apparent very early in our Designers 
Roundtable on bench test equipment when it was 
found that there is a need to define what we mean 
by bench test equipment and who is our user. 

As engineers, we tend to think of test equip
ment primarily in the R&D situation; but as one of 
the participants pointed out , bench equipment is 
going to end up in a production manufacturing 
situation in many instances-in fact more times, 
probably in total volume, than it does in the R&D 
situation . Therefore , for our purposes we will 
define bench test equipment as the broad range 
of manually operated, stand-alone instruments 
that would be used in R&D or on the production 
line as stand-alone instruments, or built into 
manual and semiautomatic test systems. 

Our user is either an electronics technician or a 
production technician for the most part, recog
nizing that engineers are also users and probably 
do most of the specifying for new instrument 
purchases . 

Can you overcome specsmanship? 

Anyone who has been involved in the process 
of specifying, buying and using bench test 
equipment knows that there is a communications 
problem relating to specifications . Most of the 
Roundtable participants have been through this 
process and therefore don't take specs at face 
value. 

As Bob Chandos put it , " The wise engineer is 
beginning to understand specsmanship. He's be
ginning to understand that one manufacturer will 
state his voltmeter accuracy at a nominal temper
ature and then in small print-or maybe not at 
all-mention the errors that occur with tempera
ture . He knows that this spec sounds better than 
the one that specifies worst-case conditions." 

Not all specificatioh problems are the result of 
questionable practices. Incomplete information 
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also creates problems for the user. When talking 
about BOC outputs on instruments, Erich Laetsch 
commented, "I can only think of a couple of 
manufacturers that specify the interaction be
tween the BCD output and the input. How much 
is the input common-mode rejection spec de
graded by hooking something up to the BCD 
output? What's the noise isolation?" 

While most agreed that a standard method of 
writing specs would be the most ideal method of 
solving the problem from the user's point of view, 
there was lack of agreement on the feasibility of 
this solution. 

Taking the opposing position , Erich Laetsch 
said, "I don ' t think it's realistic for us to say spec 
sheets should be better. It's just not going to 
happen. " 

There were things, though, which the Round 
table thought manufacturers could reasonably do 
to help the engineer who's specifying equipment . 
For example, there could be "a consensus among 
manufacturers on how they are going to specify 
their equipment-a common terminology. If not 
that, at least, define in the literature the test 
method or process they used to generate the 
numbers when it deviates from the generally 
accepted means of defining the specification."
John Stallard . 

"If the manufacturers cannot establish a com
monality (in specifications), the next best thing is 
to supply application notes on how the piece of 
equipment is used . What does the equipment 
measure? How does it measure? What accuracy 
can you expect in a typical measurement situa
tion ?"-Charles Motzko . He also pointed out 
another advantage of application notes . 

"Application notes in addition to spec sheets 
would make a lot of difference in whether or not 
people are really interested in a piece of equip
ment. A good example is in the scope market. 
How many engineers a year and a half or two 
years ago could use 300 MHz real time? Now 
everyone is crying for it. A couple of manufac
turers really played it up and showed the 
engineer how he could find fault in his design by 
going faster real time. They developed the 
market. " 
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Participants in the EDN Designer Roundtable on bench test equipment 

Art Stapp 
West Coast Field Editor 
EDN Magazine 
Los Angeles, CA 

Charles Motzko 
marketing manager 
Electro Rents 
Burbank , CA 
Electronic instrument rentals 

Robert Chandos Fred Franey 

Erich Laetsch 
Custom Electronic Design 
Camarillo, CA 
Custom instrumentation 

John Stallard 
vice president and technical dir . 
Electro-Optical Industries 
Santa Barbara, CA 

associate administrator 
North American Rockwell 
Rocketdyne Div. 

manager of metrology 
department 
Collins Radio Co. 

Low-level instrumentation and 
IR equipment 

Canoga Park, CA Newport Beach, CA 
Communications products Liquid rocket engines 

What's an engineer to do? 
Faced with the reality that things are the way 

they are today and probably won 't change much 
in the near future, how can an engineer who is 
buying bench test equipment avoid the traps of 
specsmanship? 

Erich Laetsch laid it in the lap of the engineer by 
sayi ng, " He has got to learn to use the telephone. 
It strikes me as odd that very competent people 
involved in engineering development, knowing 
that data sheets are inadequate, will be trapped 
by them . It would be embarrassing to have an 
engineer tell me about a problem with a $5000 
box he bought , show me the data sheet and say 
'Look, they lied to me,' and find out that he didn 't 
even call up the prime candidate for this box, or 
talk to the applications people about what he 
intends to do, and thus find out if it will be 
suitable." 

John Stallard agreed and pointed out, "When 
there has been a real question whether the 
product was suitable or not, I've contacted the 
manufacturer . They have been very cooperative 
in providing an evaluation unit. I think the larger 
manufacturers do a fair job in this area. When you 

get to the small manufacturer, he may not be in a 
position to do it, even though he may have the 
best box. " 

Small companies, having shorter paths of 
communication, have an advantage though, as 
pointed out by Bob Chandos. "Frequently with a 
small company, they'll let you talk to the guy who 
designed the instrument. He may frankly tell you 
its weak points , if it has any, and he'll tell you 
what's wrong with the specsmanship in the field 
because he may have spent a couple of weeks 
looking at his competitors." Bob Chandos also 
noted that there are potential pitfalls in thi s 
approach . "You may never reach the right man . 
Also, on a phone call, a man is not committed to 
what he's promising. You may send a purchase 
order for an instrument that you were told meets 
certain specs, but all he's really committed to 
deliver is a box that meets the specs on his latest 
data sheet." 

Obviously, it's easy to stir up controversy on 
the subject of specifications, and everyone seems 
to have an opinion on the subject. Being aware of 
this , EDN reviewed the results of a marketing 
survey conducted by Interstate Electronics Corp. 
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In the portion we reviewed, about 15% of the 
engineers who responded with complaints of one 
kind or another complained about specs , even 
though the word was not mentioned in the 
questionnaire. An even higher percentage had 
complaints about data sheets in general. 

Time is the essence of servicing 
If you cou ld distill the Roundtable discussion 

on the subject of servicing, you would probably 
end up with a statement like this: "I need to have 
it done faster ." This was the key point throughout 
the discussion which touched on warranty se r
vice , repair after warranty and routine calibration . 

Quality problems were also mentioned , and it 
was surprising to hear this comment from Charles 
Motzko. "Every major manufacturer, on their first 
production run , has from 5% to 25% incoming 
inspection fai lures in my experience. These are 
instruments that completely fail to work upon 
arrival from the facto ry, and they have QC stamps 
on them. I can't think of one manufacturer that I 
deal with-and I deal with 168--that has a 
reasonable failure rate of 1 or 2%. I think the 
buyer of a piece of equipment expects it to be 
productive upon receipt at his dock." 

Bob Chandos claimed the percentages were 
even higher in his experience, but he was hesitant 
to fault manufacturers too much . He felt it was 
not too surprising considering the complexity of 
some test equipment and pointed to complex 
consumer products like color TV sets which he 
claimed have higher failure rates . Summarizing 
his position , Bob stated, "When there is a lack of 
quality , manufacturers make up for it by bending 
over backward to replace a defective unit. " 

While there was general praise for the way 
manufacturers support users when a new instru
men't is found to be defective, there was dissatis
faction in the way they handle replacement parts . 
This is where the time element came in . The 
comments went like this : " It costs money for 
downtime, and if you don ' t have a backup, you 
have a problem ."-Fred Franey. 

" I have only one objection on repair . That's the 
turnaround time involved. I think manufacturers 
should track their field failures better than they' re 
doing now and stock for those problems they can 
anticipate."-Charles Motzko . 

" We had a major program down just the other 
day because of a one-of-a-kind instrument. We 
needed a part icular high-frequency transistor that 
was unmarked. The local instrument vendor had 
none in stock, but we finally coerced him into 
telling us who the manufacturer was. He was also 
going to deliver too late, and it finally took a 
phone call to the president of the company. 
When we explained to him why we needed one 
transistor , we finally got it. " -John Stallard. 
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" It seems to me that what we need from the 
manufacturers is an inventory of spare parts and 
someone you can get on the phone who knows 
what's going on. They when you have a piece of 
equipment down, you can get on the phone, say 
' here is my problem, I need the parts, what are 
they?' I want to be able to find a second source, if 
necessary 1 or I want to have a special part put on 
the plane right now. I'll fix the instrument 
myself."-Erich Laetsch . 

" You don't want the response , 'I can't do it. ' If a 
fellow says to me I can't get you the part within 
five days unless you can pay $25 extra, he's going 
to get a positive response, 'do it' because I'm 
already spendin g money in downtime, purchase 
orders, phone call s and a special truck to the 
airport. I'd like that person on the other end of 
the phone to recognize that I've got a real 
problem."-John Stallard. 

"A positive solution to the problem would be 
for the major manufacturers to set up an expedite 
se rvice on parts where you pay a premium for 
them. We' re not asking them to do it for nothing. 
We realize the economics of the situation . But , 
for a premium price, you should be able to get a 
part immediately, or within a reasonable length of 
time."-Charles Motzko. 

" Another problem is when a manufacturer puts 
out a number of units of a particular instrument 
and then stops makin g them. We have some 
equipment that we can't duplicate, and the 
unfortunate result is that we can't buy parts for 
some of them . Before you know it, you' re tearing 
down one unit to repair another."-Fred Franey. 

New thoughts on calibration 
The Roundtable participants were equally con

cerned with the time and expense involved in 
instrument calibration. Fred Franey got to the 
heart of the problem when he said, " There is 
generally more money spent on calibration 
during the life of an instrument than on the initial 
purchase price ." 

Almost everyone agreed with this statement , 
and there were several areas in which it was felt 
that manufacturers could help. And it wouldn 't 
necessarily have to be in design alone . Bob 
Chandos expressed the opinion that " In most 
modern instrumentation, the ca libration interval 
could be extended from 90 days to 6 months or a 
yea r. A lot of government contracts say that 
ca libration will be done 'at manufacturers' speci
fied calibration intervals. ' If manufacturers took a 
good hard look at their real required calibration 
intervals , they might cut calibration costs in half, 
simply by reducing the ca libratio n frequency." 

Charles Motzko felt that manufacture rs could 
have both a detailed and short-form calibration 
procedure in their manuals . "The short form 
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could check major parameters. For example, if 
everything in a particular divider string is good, 
why go in and tweak it. Everyone tends to be too 
detailed-going by the book-for calibration ." 

Some comments were directed toward design 
and how that could be improved from the 
calibration standpoint. Most participants agreed 
with this statement by John Stallard. "The one 
major area from the service/calibration stand
point that would be most beneficial for those of 
us providing that service would be the ability to 
prove the instrument to be within the spec or not, 
without having to pull the cover off all the time. 
We need to have a built in ability to put in the 
inputs required and to have the necessary 
monitoring points brought out to a convenient 
location. " 

The point was stressed that this didn't mean 
bringing the calibration controls out-just the test 
points-so that a technician could determine 
whether or not an instrument needed adjustment 
before starting to disassemble. 

Taking this subject of testing a step further, 
Erich Laetsch made the comment, "In almost any 
piece of equipment, a simple self-test function is 
possible using internally developed calibration 
voltages that allow you to flip a switch to tell you, 
yes, it works or no, it doesn't." 

While everyone agreed that this is a desirable 
thing to have, it was recognized that manufac
turers have to charge for these conveniences . 
This naturally led to the consideration of cost of 
ownership . The Roundtable participants were 
acutely aware that this is different from cost of 
purchase . 

Bob Chandos stated, "I'm willing to pay a 20% 
premium when I buy to assure myself that the 
equipment is not going to be offline for more 
than six hours or so. This is generally true of high 
priced equipment. If you ' re talking about DVMs, 
even in the couple-of-thousand-dollar range, I 
feel that if I need a voltmeter desperately, I can 
rent one. In that case, I would probably not pay 
for self-test." 

A statement by Charles Motzko seemed to 
summarize the general feeling on this subject. 
"More people are asking, what are the anticipat
ed costs of maintenance? What is the anticipated 
downtime? What are the anticipated calibration 
costs? When they start lumping these things 
together , they may buy an $8000 box rather than 
the $5000 box." 

Less miniaturization, more information 
Most of the problems the participants en

countered in actual use of test equipment cen
tered around the interface between the operator 
and the instrument-the control panel. 

Miniaturization is not always appreciated, as 
indicated by Charles Motzko's comment, "Hu
man fingers don't shrink with technology. When 
you use some instruments day after day, they 
become a pain to use if the controls are too 
small." 

Use of alternatives to rotary switches and 
placement of infrequently used jacks on the rear 
panel were some of the suggestions given to 
avoid overcrowded control panels. 

Front-panel labeling practices received their 
share of knocks too . To be more specific, it was 
the lack of labeling that drew most complaints. 

John Stallard pointed out some problems he has 
had with similar voltmeters that have different dB 
reference points. "When I see zero dB on a panel 
meter, I have a definite opinion where zero dB is. 
If the manufacturer deviates from standard prac
tice, it ought to appear in big red letters." 

Other comments along these lines included: 
" More labeling on control panels would be 
appropriate. For example, DVMs that have range 
controls that imply the ability to go up to 1000V, 
when in reality the 1000V button is limited to 
600V. It would be nice if that was noted some
where other than on the back page of the 
instruction manual."-Erich Laetsch . 

"I nput and output impedances should be 
plainly marked."-John Stallard. 

Lack of overload indicators and indicators that 
were not conspicuous enough were other hot 
topics. Bob Chandos expressed the opinion that 
"An operator should always be informed by the 
instrument when he is doing something invalid or 
making a measurement that is invalid. " 

Pointing out specific problems, Erich Laetsch 
said , "On signal processing equipment, you may 
be generating internal harmonics because you're 
50% overloaded. Without overload indicators, 
you don ' t know it." 

When asked again about increased costs as a 
result of having more indicators, Charles Motzko 
replied , "I think when you start looking at the 
cost tradeoffs between engineering time and 
initial cost of the instrument, most people would 
be more than willing to pay for the increased 
initial cost." 

The only electronic design problem to draw 
much fire was in the area of BCD outputs. This 
was primarily centered around the lack of buffer
ing. Erich Laetsch stated, "Panel meters are a 
notable example of this problem, and I think all of 
the moderately expensive digital test equipment 
falls into the same category. lnstrffments under 
$1000 are generally not buffered, and if not, they 
are worse than worthless-they're dangerous. 
You'll burn out your piece of equipment if you 
misuse it, and you're bound to do that." 

As Bob Chandos pointed out, "Sometimes 
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people may not realize how bad they are. For 
example, low-cost digital panel meters only have 
the correct value for the few milliseconds that the 
display is strobed. For that reason they (BCD 
outputs) are essentially useless." He added, 
"Most of the engineers who have done any digital 
interfacing recently are probably aware of the 
problem of unbuffered outputs. If they plan to 
use outputs, they certainly give some thought to 
ordering buffered outputs." 

Some of the other problems users complained 
about were digital readouts that imply an accura
cy greater than that specified (for example, a 
5-digit readout of ohms when the accuracy is 1%) 
and lack of standardization on input connectors 
and power cords. 

There's positive feedback too 
It's always easy in a session like this to dwell on 

the negative and give the impression that the 
manufacturer is a bad guy. However, this was not 
the atmosphere that prevailed at the Roundtable. 
The participants had many positive comments 
about instrument manufacturers. They felt that 
the cost/performance ratio is getting better all the 
time and that manufacturers unanimously stand 
behind their products and try to solve problems, 
even if it does result in unwanted delays. 

DEFLECTION SENSOR CARTRIDGE, DSC 
T .M. 

Designed and priced 
for immediate 
OEM production 

Precision 
measurement 
of inputs 
from 0 to 
± .015 inches 

Outputs up 
to 100 mV/V. 

Long life 

Proven applications include 
force, acceleration, inclination, 
pressure, weight, and linear 
displacement measurements. 

Choose 
from many 
styles, 
sizes, and 
shapes. 

Beats the 
high cost 
of strain 
gaging. 

Continuous 
linear 
bipolar 
output with 
resolution 
better than 
1 part in 
25,000. 

INCORPORATED 

12897 N.E. 15th Place 
Bellevue, WA 98005 
Phone : 206-455-2960 

CHECK NO. 45 
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Several specific trends were mentioned that 
were considered good new developments. 
Speaking on this subject, Bob Chandos said, 
"There's a trend now that I like to see, and that is 
a lot of self-test built into complex instrumenta
tion. A beautiful case in point is some of the latest 
computing counters that totally self-test . When 
there is a problem, the instrument finds it itself in 
minutes." 

There was considerable comment on bussing 
systems too; particularly, the ASCII bus system. 
Charles Motzko, an obvious supporter of this 
trend, said, "I think this is the most fantastic thing 
to come along in test equipment since the 
standard cell." Enlarging on the subject, he went 
on to say, "I think manufacturers have to design 
this capability into present and future instruments 
for those people that require it. Let's at least have 
a field modification so you can go on ASCII bus or 
some other method of semiautomated control. I 
think the ASCII system appeals to everyone 
because you can either run the instrument stand 
alone or ASCII and there is absolutely no software 
involved." o 

EON wishes to thank /EC for the marketing survey 
information that they made available. 

PRECISION 
RESISTANCE 

TEMPERATURE 
DEVICES 

THERMISTORS 
•Range -80° 

to +150° C 
• ±O.l0 or ± 0.2° C 

absolute accuracy and 
interchangeability 
combined 

• 100!1 thru 1 megn 
values 

• ±0.1% linear 
thermistor devices 
also available 

PLATINUM 
• Range - 100° 

to + 600° C 
• ± 0.25° C absolute 

accuracy and inter
changeability 
combined 

• 0.00385 and 0.003915 
ohms/ohm/°C tem
perature coefficient 

• lOOf!, 200!1 and 500!! 
units 

Tell us your application. Now that we offer both pre
cision thermistors and platinum thermometers we can 
recommend the best solution. All units delivered off
the-shelf. 

SEND FOR LITERATURE. 

H. E. SOSTMAN & CO. >++-H-+++i 

SUBSIOIARY OF YELLOW SPRINGS INSTRUMENT CO , INC 

941 BRIGHTON STREET. eox F, UNION. NEW JERSEY 070S3 YSI 
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• • 
NEW UES 500 SERIES GIVES YOU 

HIGHER CURRENT HANDLING CAPABILITIES
UP T050A. 

It's another good reason to believe in ESP. 
We're continually expanding and 

improving the line to help you design with 
more Efficiency, Speed and Power. 

Packaging is now industry-standard with 
the 50A series in the 00-5 and the 20A 

series in the 00-4. The advantage is that 
Unitrode provides up to twice the current 

output of other devices in the same packages. 
Recovery time is the fastest available in a 

power rectifier - typically 15 to 25nsec in any 
circuit. Voltages to 1&JV in all four series. And 

leakage is low even at high temperatures. 
They're designed to operate over the full 

military range of-65'C to +175'C and they are 

radiation tolerant. ESP rectifiers are also 
available in high efficiency assemblies as 
center tap rectifiers, bridges and higher 
current modules. 

Check the table/coupon below for details 
on standard ESP rectifiers. They're on the 

at your local Unitrode distributor. 
i'!~.,..11"' nd you don't need ESP to locate him. You 

'" can find out by simply dialing (800) 645-9200 toll 
free, or in New York State (516) 294-0990 collect. 
For immediate action on any specific problem, 
call Sales Engineering collect at (617) 926-0404, 
Unitrode Corporation, Department 5Z, 
580 Pleasant Street, 
Watertown, Massachusetts 02172. 

UNITRDDE 

Unllrode Corporation, Dept. 5Z , 580 Pleasant Street, Watertown, Mass. 02172 
Please send complete technical infonnation and prices on the following ESP Rectifiers: 

Type PIY 

Check Here 
0 1N5802 50V 
0 1N5803 75 

M11111u11 
Awe111e 

D.C. 
Output 
Currtftt 

Non· 
••111t1t1W1 MHiMum ltakllt 
SiHSOi41•1 rorwanl Currlftt 

Sur1e 
11.lllS) 

Valt11e 
Drop 

~ PIY 
5°C 

M11iu11 fllH· 
M111mu111 .,.,.,, l1111t1tin ........ l11U11 
l1wen1 D.C. Si.u11~11 ,,,..,. C1mHI 
lttcowery °'"''' S.111 Vtltlll @ PIY 

Tin1e Type PIY C1m1t1t 11.J•tl o,., 15'C 

Check Here 
0 1N5812 50V 
0 1N5813 75 

ll11i••• .... ,... 
llCHlfJ 

TIMI 

0 1N5804 100 2.5A 35A 0.875V@lA lµA 25ns 
0 1N5805 125 

0 1N5814 100 20A 
0 1N5815 125 

250A 0.900V@l0A l°"A 35ns 

0 1N5806 150 0 1N5816 150 
0 1N5807 50V 
0 1N5808 75 
0 1N5809 100 6A 125A 0.875V@4A !iµA 30ns 
0 1N5810 125 

500A 0.95V @50A Z511A 50n1 

0 1N5811 150 

NAM~ ______________ TITL.~------------

COMPANY _________________________ _ 

ADDRESS·--------------------------

CITY ____________ STAT~------ZIP ______ _ 

TELEPHON.~----------------------~ 

See EEM Section 4800 And EBG Semiconductors Section for more complete product listing 



38 

WE'VE GOT soME 
SMALL\DEAS 
ABOUT B\GNESS 
You're looking at one o! the thin-filtn leadless chip 
resistor networks our Special Components Department 
makes for hybrid circuit applications. This one, only 
30 x 30 mils, features tight tolerances and resistance 
matches; tight TC tracking is inherent. It is adjusted 
to value by the most advanced laser technique while 
computer eontrol lets us produce them on an eco
nomical basis. Other Airco Speer resistive devices are 
squally unique. For example, an eight resistor binatY 
network with integral gold beam leads on a 25 tnil 
square passivated silicon chip. Th• leads are mono-

lithicallY grown. Where higher resistance values are needed, you 
can turn to our thick-film techno\ogY for values up to 
500 meghoms in a variety o! small chip sizes. Tolerances 
range from 1 % to 20%. This high value expertise off ets 
an approach to high-voltage divider networks-with 
infinite opportunities for custorn designs. 

That's not all either. We offer thin-film resistor 
networks with high density packaging of precision 
resistors in chip format-as flat packs; DlP's, 

plug-ins; etc. If you too have sorne srnall ideas, write to 
P.O. Box 828, Niagara Falls, N.Y. 14302 and ask 

for brochure AS'20 . Airco Speer Electronics-The Jlome of the g 

" ""'"' . ........ '"" . . ... ~ '"";'"'' . "" ~" ';•• ,.,;,, . ., . ,,, .. 
,,.,;,.;>;•• '";""" • ,;,o• O "'"" ,;,., '"" """ • ,.;<' '"""'" ';'" 00;0• ,, .. ,,~•· 

CHECK NO. 29 
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• 3Amp 
• 200 and 400 V. 

types 
• Center gate lead for 

T0-5 compatibility 
• Available in 4 dif

ferent lead config
urations 

contact your authorized GE Distributor or write to Semicon
ductor Products Department, Electronics Park, Bldg. 7, Mail 
Drop 49, Syracuse, New York, 13201. 

GENERAL fj ELECTRIC 
CHECK NO. 30 

NEWSCl42 
• 8 Amp 
• 200, 400 and 500 

Volt types 
• Isolated tab 
• Available in 4 dif

ferent lead config
urations 
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Divide-by·lO 150 MHz Counter 
OUT 

Q 2 Q 15 

'12 \I, 
MC10131 510 MCIOl31 

A B 14 6 c -Q 

• • == ... 

Q 
\I, 

510 MCIOl31 
B 
~3 

• --
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MECL and MECL 10,000 are trademarks of Motorola Inc. 

offers 
the logical way to go. 

MECL designs add much more 
than speed. Flexibility is achieved 
in many ways; wire "OR"ing and 
mult iple levels of gating yield sav
ings in gate and package count, 
and complementary (OR/NOR) 
outputs add to further cost reduc
tion. 

Programmable Counter 

Program Input = N 

1) Fovt=ljf-
2) F ... , = 110 MHz (typ.) 

MECL circuitry has been pro
viding answers to instrumentation 
problems for years. Now, MECL 
10,000 and MECL III permit 
further expansion of design poten
tials. Standard MSI functions 
such as MECL 10,000 counters 
and the MECL III 500 MHz flip
flop offer new ways of measuring 
rapidly increasing frequencies and 
data rates. 

Designing with MECL is no 
mystery. And to prove it we have 
prepared the MECL Instrumenta
tion Design File - a compilation 
of application notes and design 
tips. For your copy, write to Moto
rola Semiconductor Products Inc. , 
P. 0. Box 20912 , Phoenix, AZ 
85036 and ask for " MECL Design 
File # 2". 

500 MHz Input Amplifier 

MC1692L 

0.1 10 
500 MHz f--l't-.---"'~-.-----<>1 
50 0 ~ 50 

MBD502 

5 v .. 

1 0.01 1.0 k 

~ + 5.o vo--_,.,,_,..._~wv--, 
100 100 

470 470 470 

To Pin 7 of 
+---2""20~...._ MC1690L 

330 

For speed where it counts ... count on MECL. 

G ~~"!:af?a~?a~~ . ltll.~'i~ 
CHECK NO. 31 
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EON Design Course 
CMOS-Part V 

CMOS gates in linear applications: 
the results are surprisingly good. 
Bill Furlow, Associate Editor 

A discrete MOS/FET, as you know, is basically a 
linear device. Since CMOS gates, as shown in Fig. 1, 
are groupin gs of two or more p-channel and n
channel, enhancement-mode MOS/FETs on a mono
lithic substrate, they too would be expected to have 
some range of linear operation. In fact, they have. 

The transfer characteristics of a 4007 inverter, as 
shown in Fig. 2, include a rather wide range of linear 
response. An inverter pair can be biased to operate 
within that region , roughly 25 to 75 % of the supply 
voltage, as a reasonably linear amplifier. 

Some simple amplifiers 
Two methods for the linear biasing of one of the 

complementary pairs of FETs in a 4007 are shown in 
Fig. 3 . 

Biasing resistor, Rf, in Fig. 3 is connected between 
the gate and drain terminals. The output, then , is 
biased midway between V DD and Vss during steady
state operation . A positive-going input will increase 
the resistance of the p-channel and reduce the resis-

GATE 

IN PUT v---

+Voo 

1 l SOUR CE p SUBSTR ATE 

DRA IN 

p - CHANN EL 

----u OUTPUT 

n - CHANN EL 

Fig. 1 - Basic complementary inverter in a 4007 gate consists of 2 
enhancement-mode M OS/ FETs. The basically linear characteris
ti cs of these FETs has been parti all y overcome by using p-channel 
and n-channel devices in opposition, but linear operation is still 
possible. 
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Fig. 2- Transfer characteristics of a 4007 gate show an area of 
linear operation from approx imately 25 to 75% of the supply 
voltage. Operation in this region is not des irable for purely digital 
operation because power consumption is increased. However, the 
ability to use one IC famil y for digital and linear operation is ob
viously a strong point for CMOS. 

tance of the n-channel device, driving the output 
voltage toward V ss, or ground in this case. Con
versely, when the input signal swings negative, the 
n-channel resistance will increase; the p-channel 
resistance wi II decrease, and the output wi II swing 
toward V DD' the positive supply voltage. That's all 
that's required to make a simple, inverting linear 
amplifier from a CMOS gate. Rf is commonly set at 
about 22 Mf! for the correct feedback ratio assuming 
a very high input-signal source impedance. The ad
dition of an ac bypass capacitor, C21 in Fig. 3b, 
makes the circuit adaptable for use in designs where 
the feedback of ac signals is not desirable. 

Table I lists the performance parameters for the 
amplifier circuits in Fig. 3. As you can see, the 
power consumption , especially at the lower volt
ages, is extremely low. 

Post amplifiers for op amps 
A 4007 CMOS gate can be used for simple and 

E D N M A R C H 5, 1 9 7 3 



(1 /3 OF C04007A) vss n o:. (a) 

(1 / 3 OF C04007A) 

(b) 

Fig. 3- Two methods of biasing a CMOS pair for linear operation 
are shown here. In the top circu it (a), the feedback resistor will 
hold the output midway between the supply voltage and ground 
during steady-state conditions. In the lower circuit (b), the ac feed 
back component has been eliminated through (

2
. 

convenient post amplifiers in conjunction with op 
amps. Fig. 4 shows a single inverter pair used in 
conjunction with an operational transconductance 
amplifier (OT A) of the CA3080 type . The ga in of 
the circuit operating in the open-loop mode, Fig. 4a, 
has a gain of = 130 dB and a current handling ca
pability of 6 mA. Slew rate for this combination 
OTA/CMOS amplifier is about 65 V/µ.,sec. When 
compensated for operation as a unity-gain voltage 
follower, as in Fig. 4b, the slew rate is 1 V/µ.,sec. 

By using all three of the inverter pairs contained in 
a single 4007, the two-stage post amp I ifier shown in 
Fig. Sa maintains the 65 V/µ.,sec slew rate of the sin
gle-stage, open-loop post amp, but achieves a gain 
of= l 60 dB. When used in the unity-gain, closed
loop mode shown in Fig. Sb, the 2-stage amplifier is 

TABLE I 
TYPICAL CMOS AMPLIFIER PERFORMANCE 

(For the circuits shown in Fig . 3) 

Supply Voltage Drain Current Gain Bandwidth (-3dB) 

15V 6mA 29dB 1 MHz 

10V 2mA 32dB 800 kHz 
5V 150µ A 40dB 100 kHz 

3V 400nA 50dB 400 Hz 

sti 11 rated at 1 VI µ,sec. 

A single-supply amplifier 
The voltage follower amplifier shown in Fig. 6 

uses two 4007 packages and one CA3083, a transis
tor array. It requires only a + 15V supply and inter
faces well with single-supply D/A converters or, for 
that matter, any + 1 5V CMOS system design. A zener 
regulated leg provides bias for a 400-µ.,A p-channel 
current source feeding the input stage. This input 
stage is terminated with an NPN current mirror. 
Voltage offset is nulled with a 10-k!l, 10-turn bal 
ance pot. Second-stage current level is established 
by R2 • The CMOS inverter forms the final stage and 
is terminated with a 2-k!l load, a typical value for 
monolithic op amps. Gain for this circuit is = 75 dB 
and bandwidth is 60 kHz. Slew rate is = 30 V/µ.,sec 
and settling time is a rather long 2 µ.,sec. 

Micropower comparators with CMOS 
If you are using comparators for A/D convers ion 

in a CMOS logic system, the parts cost for the circuit 
shown in Fig. 7 can be well worth the extra invest
ment. The OT A and CMOS inverter may cost more 
than a standard comparator, say one of the 710 type, 

INVERTING 
INPUT 

NON-INVERTING 3 
INPUT 

+ 

40µF -I 

+6V 

- 6V 

2k 

-6V 

+6V 

- 6V 

1/3C04007A 
(a) 

-6V 

1/3C04007A 
(b) 

Fig. 4 - 0TA driving CMOS amplifier in the open-loop (a) and 
closed-loop (b) modes. Open-loop CMOS provides = 30-dB gain, 
and the OT As = 100 dB. More stages of the 4007 can be paralleled 
to provide greater current output. 
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v• 

v-

(a) (b) 

Fig. 5 - 2-stage CMOS amplifiers are shown in both open-loop mode (a) providing 160-dB ga in, and closed -loop mode (b) providing 
unity gain. Paralleled gates in the second stage provide increased current source and si nk capability. 

but power consumption wi 11 be considerably re
duced. Systems power levels were probably impor
tant if you chose CMOS for your logic design, so 
don't blow it in your choice of comparators. A 710 
comparator consumes 90-150 mW of power, but the 
OT A/CMOS comparator consumes only 420 µ, W 
when strobed ON, and only 10 µ,W when OFF. Re
sponse time, however, is fairly slow at 8 µ,sec. By suit
ably biasing the OT A, the circuit response time to a 
differential-input signal can be reduced to 150 nsec. 
Power consumption soars to 21 mW-sti 11 not bad. 

The differential amplifier input common-mode 
. range for this circuit is -1 to + 10.5V, and the cir

cuit will toggle on input signals as small as 5 µ,V. 
Voltage gain of the micropower comparator is 

about 130 dB, compared to a range of 33 dB for the 
710 types. In all fairness , a 710 or related compara
tor will exhibit response times of less than 40 nsec, 
and there will sti ll be times when you will be forced 
to pay the premium of increased power to· achieve 
such required speeds. 

CMOS oscillators 
Quartz-crystal micropower oscillators using 

CMOS inverters are the heart of the new " Quartz" 
timepieces now appeari ng on the market. 

In wristwatch circuits, size and operating power 
are the two main criteria. Designing a quartz wrist
watch is not an engineering feat to be attempted 
with standard CMOS building blocks, so it doesn't 
fa ll into the main objective of this course. Most 
CMOS manufacturers have semi-custom CMOS cir-
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cuits designed for the wristwatch industry, and their 
spec sheets and application notes will take you as 
deeply into the subject as you care to go. Two that 
we have seen are " Quartz Timepiece Components," 
an engineering report from Motorola, and " Time
keeping Advances Through COS/MOS Technology," 
app note ICAN-6086 from RCA. 

Since the circuitry developed for wristwatches is 
available and may be of some use to you, the Moto
rola system is shown in Fig. 8. A typica l oscillator 
operating from a 279.61 1-kHz " OT" cut quartz
crystal oscillator is shown in Fig. 9. It may be operat
ed at supply voltages from 5 to 15V when usi ng a 
4007 inverter, and from 2.5 to 5V with the TA5987 
(a developmental, low-vo ltage equivalent of the 
CD4007 A) . The values of components used apply 
on ly to operation with the 279.6 11 -kHz crystal. 
These o•os timing ci rcuits lend themselves very 
well to practi ca lly any portable or mobile timing 
applications you can think of, including automotive. 
If you are planning an automotive design, the simple 
transient protection circuit shown in Fig. 10 is highly 
recommended. The value of R will depend upon the 
minimum operating voltage and maximum operating 
current of your particular system. CMOS oscillators 
operating at less than 12V and at frequencies below 
3 MHz typically draw on the order of 0.2 to 2.0 mA. 

CMOS phase locked loops 
Now that micropower PLLs such as the 4046 are 

appearing on the scene, designs of signal processing 
and conditioning, FM, FSK (frequency shift keying) 
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Fig. 6 - Combination CMOS/bipolar voltage follower amp ca n be driven to within 1 mV of ground . Vo ltage ga in is determined by the 
selected va lue of R, . 

v• = 12V 
v- = - 2V 

STROBE 

Fig. 7 - Micropower comparators using OT As and CMOS have a 
quiescent power consumption of a mere 10 µ,W . Even w hen 
strobed O N, power dissipation is onl y 420 µ,W. 

and tone decoding and frequency synthesis will 
benefit greatly from the size and power reductions 
afforded. As shown in Fig. 11 , the 4046 contains a 
linear VCO and two phase comparators. Typical 
power consumption is 600 µ,W at 10-kHz operating 
frequency with a 6V supply. 

The PLL offers the choice of two phase compara
tors, and a 5.4V zener is provided for supply regula
tion where required. The VCO section requires one 
external capacitor, C1 , and one or two external resis
tors, R

1 
and R

2
• The R

1
-C

1 
combination determines 

the frequency range of the VCO, and resistor R2 

enables the VCO to have a frequency offset where 
needed. 

The input impedance of 10120 simplifes designs of 
low-pass filters by permitting designers a wide 
choice of resistor/capacitor ratios. To avoid loading 
the low-pass filter, the output of the source fol lower 
is available at the Demodulater Out terminal , pin 

. 10. When this output is used, a load resistor, R,, of 
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I 
MT032 I RFB 
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Cv = Trimmer capacitance 

CouT = Integrated oscill ator outpu t capacitance 
"' 20 pF 

RFB = Integra ted oscillator feedback resistance 
"' 40 M 

Fig. 8 - Quartz wristwatch system from Motorola uses a 32.768-kHz quartz crystal, 2 capaci tors, a custom CM OS chip and a stepper 
moto r. The MTD1 60 circuit contains a 3- inverter oscillator, 16 counting fli p-flops and motor drive buffers. 

279.6 11 kHz 

6 

11 3pF 8-50pF 

Fig. 9- Crystal oscillator using 4007 CMOS inverter is designed 
for operation at 279. 611 kHz and provides a stability of 4.3 ppm, 
not inc luding temperature variations. 

10 kf! or more should be connected from pin 10 to 
ground . When not being used, pin 10 should be left 
floating. 

The VCO can be connected either directly or 
through frequency dividers to the input of the com
parators. A logic ZERO at the Inhibit input, pin 5, 
will enable the VCO and its input source follower, 
while a logic ONE disables both circuits in order to 
conserve standby power. 

The phase comparators can be direct coupled if 
the input-signal swings meet the standard CMOS 
input-level requirements. For voltage swings less 
than those levels, but greater than 50 mV p-p, the 
signal must be capacitively coupled to the Signal In 
amplifier through pin 14. 

The first phase comparator is an exclusive-OR 
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network with a triangular phase vs. output response 
as shown in Fig. 12. With no signal on the input, 
comparator I has an average output equal to 1 /2 the 
V00 supply voltage. The external low-pass filter at the 
comparator output will set the VCO input to the av
erage comparator output voltage. This causes the 
VCO to oscillate at the center frequency, f

0
. PLLs 

using phase comparator I can lock on input frequen 
cies within its capture ran ge and also on the har
monics of those frequencies. 

Phase comparator II is an edge controlled memory 
that compares the leading edges of the signal and 
comparator input si gnals. It provides continuous 
control of the VCO input voltage, again through the 
low-pass filter, to maintain frequency and phase 
equality between the two signals. When no input 
signal is present, phase comparator II sets the VCO 
to idle at its lowest frequency . This is accomplished 
with a 3-state output which automatically goes to 
its high-impedance state, decoupling the compara
tor from the VCO when no input signal is available. 
The Phase-Pulses output, pin 1, will be at a logic 
ZERO while comparator II is sinking or sourcing cur
rent to the VCO, and at a logic ONE when the out
put of comparator II is in its high-impedance state. 
Among other uses, this Phase-Pulses output provides 
a readily available signal acquisition indicator. 

The frequency-capture range, fc, and lock-in speed 
of the 4046 PLL can be increased by using a 2-pole 
low-pass filter, shown in Fig. 13, to replace the low
pass filter shown in Fig. 11 . 

Maximum frequency of the VCO in the 4046 is 
500 kHz, and its linearity (with V1N = 5 ±2.5V) is 1 %. 

Analog signal switching 
CMOS transmission gates are used in quite a few 
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CMOS SUPPLY 

.::, BATTERY 

Vz 
AS REQU I RED 

Fig. 10- Simple transient-protection circuit is recommended for 
use in automotive and other high-noise systems. 

places in the more complex CMOS MSI devices. 
Normall y they are used for digital data routing 
chores, but they also prov ide the 3-state output 
capability found in many CMOS gates. In the world 

of analog switching and multi plex ing, CMOS trans
miss ion gates have a lot to offer. Fig. 14 is a sche
matic of the 4016 quad-bilateral switch, which con
sists of four CMOS contro l swtiches and four CMOS 
signal switches. The signal switches are pa ralleled n
and p-channel MOS/ FETs, and despite the normal 
label ing of terminals for "in" and out", they are truly 
bi lateral or bidirectional. When sw itched O N, they 
appear as a nearl y pure res istance, typica ll y 3000 , 
in the signal path. Unlike bipolar switches, there is 
no vo ltage offset to contend w ith w hen using CMOS 
switches. 

When you use CMOS transmiss ion gates of the 
4016 type for analog-s ignal switching, there are two 
important things to remember: the posi ti ve peak of 
the largest signal you antic ipate switching must not 
exceed the voltage of the positi ve supply V DD ; simi 
larl y, the most negati ve peak of that signal must not 
be more negati ve than the negative supply, v ••. Thi s, 
by definiti on, limits you to 1 SV p-p when using the 
standard 4000 Seri es CMOS devices. 

Signal response of these switches is fla t to about 6 
MHz, w ith the -3-dB po ints occurring between 25 

CD4046A 

PHASE COMP. I OUT 

2 
r---

0 
PHASE COMP. 11 OUT 

vco 
OUT PHASE PULSES RJ 

VCOIN LOW 
c, vco 9 PASS 

FILTE R 

v •• DEMODULATER 
OUT c, 

v •• } SEE FI G. 13) 
I 

R, I 

~ Rs 

":-

INH IBIT 

.L 
":-

v •• 8 15 ZENER 

Fig. 11 - CMOS phase locked loop operates on 600 µW. The ava i labi lity of such comp lex ci rcuits in a single 16-pin DIP or flat-pack is 
one of the reasons that the CMOS logic families have ga ined such a strong foothold. 
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Fig. 12 - PLL's exclusive-OR comparator output shows a I inear 
vo ltage output signal in d irect relation to phase error. 

and 40 MHz depending on the load impedance. 
Distortion of a 1-kHz sine wave of SV p-p when 
operating from ±7.SV de supplies is 0.2 %. Distor
tion of the same input signal is 0.4% when operating 
from ±SV de supplies and 3.0% when operating 
from ±25V de supplies. 

Other app li cations in which the bilateral switches 
will be especially useful are for res istor-ladder switch
ing in D/A conversion, sample-and-hold circuits and 
level detectors. 

Will linear CMOS grow? 
The savi ngs of parts inventory expenses alone may 

N 

R3 
IN 0 NV' 

,1 
0 OUT 

c,I 
':" 

Fig. 13 - 2-pole fil ter increases lock-in speed and frequency
capture ra nge for the 4046 PLL. 

force some des igners of CMOS digital systems 
to use the same devices fo r linear app lications 
whenever poss ible. The feature that got digital 
CMOS off the ground in the fi rst place- ultra low 
power - wil l interest many linear . des igners. There 
really isn't much to prevent the burgeoning of linear 
applications for CMOS. As soon as enough des igners 
show enough interest, the manufacturers of CMOS 
dev ices will analyze and spec the linear characteri s
ti cs of those devices. No doubt the ubiquitous 4007 
wil l be first and fi nd the w idest application because 
there is so much internal access ibility to that device. 
Later, other multiple- input gates w ill probably be 
spec'd for linear servi ce because some bri ght design 
engineer has found a linear appli cation that's j ust 
too good to pass up. o 

6 12 

INPUT SIGNALS (V
0

) 

TER MINA L Nos. 1,4,8, 11 

OUTPUT SIGNALS (V
0

s) 

TERMINAL Nos. 2,3,9,10 
x J: x x 
f- N P-i 1-N p-1 1- N P-1 1- N P-1 

I T I T I T I T 

SWITCH A SWITCH B SWITCH C SWITCH D 

NOTE : All switch P-channel substrates are internally connected to terminal No. 14. 
All switch N-channel substrates are internally connected to terminal No. 7. 

Fig. 14 - CMOS bi lateral switches, like the 4016 shown here, can switch analog signal; of up to 1 SV p-p at frequencies in excess of 
10 MHz. 
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If you thought our first 
l.C. multiplier solved a lot 

of your problems, 
take a lool< at this one. 

ADS31. The first programmable 
XY /Z Multiplier/Divider. 
From $20 in lOO's. 

If you have anything to do with l.C. multipliers, you 
know our two-year-old AD530 line of monolithic 
multiplier/dividers has become the industry standard. 

That kind of reputation we like. And we know our new 
AD531 will keep it going nicely. 

The AD531 has our proven high performance design 
of a differential transconductance multiplying element, 
stable reference, and output amplifier combined on a 

single chip. And we've added a variable scale factor 
which allows you to set any fixed value of a Z by an 
external resistor, or to dynamically vary the value of Z by 
an externally controlled simple reference circuit. 

Plus a differential Vx input with 75d8 of common 
mode rejection. All this makes a lot of complex applica
tions very simple. Like automatic gain control. 

True RMS-to-DC conversion. Absolute value. 
Vector summation. 
You can use the instrumentation amplifier input to 

reject common mode noise. Or to subtract two input 
signals prior to further processing. 

Or you can use the AD531 just to multiply, divide, 
square, or square root. 

The AD531 will help you do all of this and more with 
an error guaranteed to be less than 0.5%. 

The package is the T0-116 14-pin ceramic OIL for 
high reliability and handling ease. You can choose from 
three accuracy versions (J,K,L) for operation over the 
0°C to+ 70°C temperature range, and one for - 55°C to 
+ 125°C operation(S). 

For the next 60 days we're offering five evaluation 
samples of any version of the AD531 at the 100-piece 
price. 

Call for complete applications and price information. 
We'll also tell you about two other additions to our l.C. 
multiplier line. The AD530L, the highest accuracy addi
tion to our AD530 line: 0.5% maximum error. And the 
availability of the AD530 in a ceramic 14-pin OIL 
package. 

l.C. multipliers are just another of the unique solutions 
we bring to more of your problems. 

Analog Devices, Inc., Norwood, Massachusetts 02062. 

r.ANALOG a... DEVICES 

Call 617-329-4 700 
for everything you need to know about multipliers. 

CHECK NO. 32 
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PRECISION METALS TODAY 
putting ideas to work in precision metals and assemblies 

HAMILTON I THE IDEA COMPANY IN THIN METALS TECHNOLOGIES 
Hamilton is more than a leader in the manufacture of precision strip and foil. More than a leader in spe
cialty wire drawing. More than a quality producer of chemically etched parts. More than a precision as
sembler of components and devices. Hamilton Precision Metals is an industry leader in solving problems 
where metals and materials sensitive devices are involved. Hamilton's unique manufacturing and technolog
ical concept bridges the problem-solving gap between materials and the materials sensitive devices and 
components in which they are used. Hamilton understands the problem in depth, then applies creative engi
neering, design principles, and processing capabilities to application solutions. Industries such as aerospace, 
communications, instrumentation and controls, and computers look to Hamilton for the extraordinary, the 
unique, the uncommon in metals technology, parts fabrication, combined with application engineering and 
component manufacturing. 

The extraordinary in precision strip and foil 
From Hamilton you get the extraordinary in 
strip, foil , metallurgical understanding and full 
metals processing capability. In size. In qual 
ity. In dimensional control. Hamilton has been 
a pioneer producer of ultrathin strip and foi l. 
Hamilton brings to bear modern facilities, the 
technical capabilit ies of a company who has 
pioneered in precision metals rolling and tech· 
nical know-how, in del ivering precision prod
ucts to exceptional standards of quality and 
dimensional uniformity. From specialty melting 
through precision rolling Hamilton's total con
trol guarantees compliance to your specifica 
t ions. 

If you need ultrathin - down to 0.000070"
you can get it from Hamilton. If that foil must 
incorporate a particular surface finish, dimen
sional tolerance or mechanical property-you 
can get it from Hamilton. The same applies to 
heavier gauge precision strip. Tight control 
throughout production assures absolute integ
rity of custom-manufactured material. 

Get brochure revealing profitable details on 
Hamilton Metals Processing. 

Circle No. 40 

HAMILTON 

The unique in photoformed parts 
If critical tolerance parts are your need, you 
can get them at Hamilton. Magnetic recording 
head laminations. TV tube grids. Solar cell 
grids. Rotor laminations. Specialty lead frames. 
High-speed printer tapes. Fluidic device lam
inations. Tape cleaner blades. You name it. All 
are produced by Hamilton-at low cost, with 
fast delivery and dimensional repeatability 
guaranteed-by means of advanced chemical 
etching fabrication process called Photoform
ing. In modern, well-equipped facilities, Ham
ilton's manufacturing controls hold Photo
formed parts within ~trict limitations of your 
design needs. 

A diversified list of alloys and metals is 
Photoformed by Hamilton. Most are rolled to 
Photoforming quality standards by the Precision 
Metals Division and many grades and thick
nesses are inventoried. 

Get informative, illustrated brochure demon
strating advantages of Photoforming. 

Circle No. 41 

,/ \ 
The uncommon in precision components 
Recent years have seen the rapid expansion of 
yet another facet of the Hamilton service. To 
the tradition of fine watchmaking the Precision 
Metals Division has added expertise in metals 
processing, parts manufacturing, magnetic ma
terial manufacturing and testing, and func
tional engineering to supply customers with 
subassemblies, devices, and finished compo
nents. This service relieves the customer of 
many critical considerations such as material 
selection and specifications, tooling design and 
fabrication techniques, with the complete as
surance of receiving a finished inspected quality 
product. In case after case, this single-source 
technological and manufacturing capability has 
been able to provide in-house manufacturing 
solutions to customer components and device 
assembly problems which have resulted in 
customer cost savings and improved product 
quality. Where materials sensitive devices are 
concerned, customers have found that Hamil
ton's rich background in metallurgy, metals 
processing, magnetics and precision assembly 
has yielded finished devices or components 
with complete specification compliance. Sav
ings are gained through unit source purchas
ing and improved quality with Hamilton as a 
supplier of completely tested components and 
assemblies. 

New literature giving helpful data on Hamilton 
products, processes and services is now avail· 
able. Write. 

Circle No. 42 

If you have a particular problem involving metals or materials sensitive de
vices, Hamilton is .well equ ipped to review it and offer so lutions as we have for 
many customers. Precision strip, foil , wire, devices or components-contact 
your local Hamilton representative or Hamilton direct. A meeting can be 
establ ished to review your problem and seek solutions. * 

PRECISI ON METALS DIVISION 

,_,AAAILTO~ 
WATCH COMPANY • LANCASTER, PA. 17604 

50 E D N M A R C H 5, 1 9 7 3 



New Tool New Board 
New Method 

it's part of the TY-RAP® System 

Now tie quicker than ever before ••• 
Our new high speed tool does it all .. . feeds a TY-RAP tie around 
bundle, cinches to a preset tension, locks securely and trims evenly .. . 
all in %0 of a second. There is no tool adjustment needed regardless 
of bundle diameter from 1h2" to %". 
The off-the-board harnessing method allows the tool optimum use. 
This technique utilizes our new harness board and harnessing 
aids. The board is reusable and reversible. It's modular too .. . 
snaps together for larger work areas. It's constructed of poly
ethene foam sandwiched between two metal screens - nails 
are pushed in by hand. It's all part of the TY-RAP System 
to lower your costs of harness fabrication. 
Write for new catalog, The Thomas & Betts Company, 
Elizabeth, New Jersey 07207 (201 ) 345-4321. In Canada, 
Thomas & Betts Ltd., P. Q. 

Sold Only Through Authorized T&B Distributors 



Butterfly 
Diurnal insect of the order L epidoptera, character
ized by clubbed antenna, a slender body, and large, 
broad , often conspicuously marked wings. Often 
found fluttering about the design engineer's stomach. 

Our Bugs 
'"11 get rid of your 

Butterflies 
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Vee VEE VEE 
VEE VEE Yee VEE 

~~~~:~~ n..wanm equivalent terminator eectionB. 
taminator aection consists of two 
~ connected as a divider from the 
~bus to the -5.2 volt bus providing 
a Thevenin equivalent voltage of - 2.0 
volts. Each unit contains a 0.01 JJF de
couplina •~f;()l' t.o bypass the -6.2 volt 
bus. 898-43 units are available with 
Tb8¥ t imped•nces of 60, 7o, 

.....!.'.'....:. ..... R1 Rs 

== 810 1800 
1110 1llliO 

-...zioo 1820 2800 

Price (1,000-4,999) $1.25 

Dependable Beckman ECL terminator 
networks are specifically designed for, and 
compatible with , the following Emitter 
Coupled Logic families: 

•Motorola MECL 10,000 Series 
• Signetics 10,000 Series ECL 
• Fairchild 95K and Fl OK Series ECL 
•Texas Instruments Series 

SNlOOOO ECL 
• National Semiconductor 10,000 

Series ECL 
Each Beckman ECL terminator net

work utilizes thick film resistor materials 

with layouts specifically designed for low 
inductance and the high speed require
ments of ECL systems. Where possible, 
the terminator networks include 0.01 µ. F 
decoupling capacitors. 

Each network is capable of operating in 
a + 85°C still air environment at standard 
ECL voltage levels and tolerances without 
heat sinking. 

For complete technical data, contact 
your local Beckman/Helipot representa
tive or write to Beckman Instruments, Inc., 
Helipot Division, 2500 Harbor Blvd., 
Fullerton, Calif. 92634. 

Beckman ' 

HELIPOT DIVISION 

CHECK NO. 34 

53 



Put the IC timer to work 
in a myriad of ways 
These versatile devices can be used in numerous applications 
ranging from simple timers to pulse-width modulators. 

Eugene R. Hnatek, Signetics Corp. 

The introduction of the first integrated circuit 
timer last year added a new dimension to th e field 
of linear integrated circuits. Since then these 
versatile timing circuits have replaced both ther
mal relays and electromechanical devices in a 
variety of timing functions. Their popularity is 
such that they are now made by at least three 
manufacturers : Signetics, National Semicon
ductor and Texas Instruments . 

The salient features which make the IC timers 
useful in a wide variety of applications include: 

• One-shot operation from microseconds 
through minutes 

Typical one-shot temperature stability of 40 
ppm 

Oscillator operation up to 300 kHz 
• Push-pull output capable of si nking or 

sourcing up to 200 mA of current. 
This article will describe the various modes of 

operation of the new timers and the types of 

+Vee 15 TO 15V) 

8 

applications for w hich they are suited. 

Monostable operation 

Probaply the most popu lar timer mode is 
monostabl e (one-shot) operation. Fig. 1 shows a 
block diagram of the IC timer, in this case the 
Signetics NE/SESSS, plus the external circuitry 
needed for monostable operation. 

In operation, the external capacitor is initially 
held discharged by a transistor inside the timer . 
Upon application of a negative trigger pulse to 
pin 2, the flip-flop is set. This releases the short 
circuit across the external capacitor and drives the 
output HIGH. The voltage across the capacitor 
now increases exponentia lly with a time constant 
T = RAC. When the voltage across the capacitor 
eq uals 2/3 Vee, the comparator resets the flip-flop 
which, in turn , discharges the capacitor rapidly 
and drives the output to its LOW state . 

NE/SE555 TI MER 

R 

6 

R 

R 

COMPARATOR 

FLIP-FLOP 

OUTPUT 
STAGE 

2 
TRIGGER 

+Vee 

4 
RESET 

RL 

3 

OUTPUT 

Fig. 1-For monostable operation, timing of the SSS timer is co ntroll ed by the time constant of external co mponents RA and C. 
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+Vee (5 TO 15V) 

4 8 

OUTPUT 
O----<l>-----1 3 TI MER 

6>--------
2 

Fig. 2-ln astable operation the timer triggers itself. The 
free-runn ing duty cycle is control led by the ratio of RA to R11 • 

Once triggered, the circuit remains that way 
until the set time is elapsed, even if it is triggered 
agai n during this interval. Since both th e charge 
rate and the threshold leve l of the comparator are 
directly proportional to supply vo ltage, th e timin g 
interva l is independent of supply voltage. Apply
ing a negative pulse si multaneously to the reset 
terminal (pi n 4) and the tri gger terminal (pin 2) 
during the ti ming cycle discharges the exte rn al 
capacitor and causes the cycle to start over again. 
The timing cycle will now commence on the 
positive edge of the reset pulse. During the time 
th e reset pulse is applied , the output is driven to 
its LOW state . When the reset function is not in 
use, it is recommended that it be connected to 
Yee to avoid any possibility of false triggeri ng. 

Astable operation 
If the timer is connected as shown in Fig. 2 (pins 

2 and 6 connected), it will trigger itse lf and 
operate as a free-running multivibrator . The 
externa l capacito r charges through RA and R11 and 
discharges through R11 o nly. Thu s, the duty cycle 
may be precisely set by th e ratio of th ese two 
resistors. 

In this mode of o perat ion , th e capacitor 
charges and discharges between 1/3 Vee and 2/3 

+V 

0 

10-30k ~ 

0.01 -0.00l µF 

0 I~ 2 TI MER 

Il ~ 
l 

Fig. 3---To prevent triggering on the positive-going transition 
of a logic-type trigger signal , ac coupling shou ld be used for 
the trigger input. 

4 8 

2 

TIMER 3 OUT 

6 

Fig. ~For uses involving the application of power to t e 
timer , the tri gger input (pin 2) should be tied to pin 6. This 
holds the tri gger LOW w hile input power is building up, thu s 
insu rin g proper t ri ggerin g. 

Vee · As in the triggered mode, the charge and 
discharge times, and therefore the frequency, are 
independent of the supply voltage. 

The charge time (output HIGH) is given by: 
ti = 0.693 (RA + RB) c 

and the discharge time (output LOW) by: 
t2 = 0.693 (RB) C 

Thu s, the total period is given by: 
T = t1 + t2 = 0.693 (RA + 2RB) C 

The frequency of osci ll ation is then : 

f = l = 1.44 
T (RA+ 2RB) C 

And the duty cyc le is given by : 

D = Rs 
RA + 2R8 

Application hints 
As mentioned previously, triggering of the 

tim er occurs o n the negative-going edge of the 
tri gge r pul se . The threshold which must be 
attained for triggering is less than Ycc/3. A 
significant problem arises, though, when the 
tri gger terminal is held at ground potential. 
Although the output will switch to a ONE state 
and will normally time out as expected, erratic 
tim e intervals will result if the trigger terminal is 
held at ground for long periods relative to the 
required timing cycle. 

INPUT 
2V/ em 

OUTPUT VO LTAG E ~ II r----1 r--
5V/ em LJ LJ LJ 

CAPAC ITOR VO LTAG E 
5V/ em 

t = 0.1 msec/em RA = 1250, C = 0.02µ F, RL = lk 

Fig. 5-Waveforms for a divide-by-three circuit show how the 
circuit of Fig. 1 can be used fo r frequency divi sion . 
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.-------..----------1....---0 0 + ~e 
(5 TO 15V) 

1 NORMALLY 
I "ON" 

B,4 

J LOAD 

------1 6,7 SE /NE 555 3 
OU TPUT 

I l NO RMAL LY 
I "O FF" t '°'° 2 

Fig. &-When the 555 is used as a manually started timer, bo th 
a normally O N and no rm ally O FF load can be co nt ro lled . 

Another problem th at can occur is th at th e 
tri gger terminal may respo nd to pos itive-goi ng 
tran sition s rather than negative o nes w hen it is 
driven fro m a logic source. To avo id th is , 
tri ggerin g sho uld either be generated fro m the 
unit's own ·timin g capaci tor, as in th e osc ill ator 
mode, or ac coupled th rou gh a 0.01 - to 0.001 - µ F 
capacitor, as shown in Fig. 3. A pull -up res isto r of 
10-30 kfl should also be included from pin 2 to 

Yee · 
Many uses of th e tim er invo lve the appl icati o n 

of power to th e device, i .e ., a delay or a 
tim e-operating function is generated when Yee is 
appli ed . Th e problem here is that reliable trigger
ing must be guaranteed during th e power appli 
cation period . If , fo r instance , a slow-ri sing 
supply voltage is used , no t ri gger in fo rm at ion 
may be produced . Al so , appli cati o n of power via a 
switch often produces spikes caused by contact 
bounce, and these will tri gger the device most of 
the tim e. Th erefore, th e functi o n desi red may or 
may not take place. 

The solution to th ese problems is shown in the 
ci rcuit of Fig. 4. By tying the trigger to pin 6, th e 
timin g capacitance holds th e tri gger LOW w hile 
power is coming up . Tri ggerin g is then guaran
teed, and timing occurs in th e no rmal manner. 
However, Y('(' mu st be removed fro m thi s circuit 

9.lk 27k 9.l k 

O.Olµ F 
8,4 5 1. 6,7 6,7 

B,4 

+Vee (5 TO 15V) 

RL 

4 8 

OUTPUT 3 

(a) 

SE/NE 555 

CLOCK 
INPUT 2 

t = 0.5msee/em 

MODU LATION INPUT = 2V/em 

CLOCK INPUT = 5V /em 

OUTPUT VOLTAGE = 5V/em 

CAPAC ITOR VOLTAGE = 5V/em 

7 

6 

5 

(b) RA = 10k, C = 0.02µ F 

RA 

I C 

':' MO DULATI ON 
INPUT 

Fig. 8--For p ulse wid th modulation th e amplitude o f a s ignal 
applied at pin 5 co nt ro ls the p ul se widt h of a p ul se t ra in 
applied to pi n 2. 

befo re ret ri ggerin g can occur fo r the next cycl e. 

Frequency divider 
If th e input frequency is known , the tim er can 

eas ily be used as a frequency divider by adju stin g 
th e length of th e timin g cycle . Fig. 5 shows th e 
waveform s of th e t imer o f Fig. 1 when used as a 
div ide-by-three circu it. Thi s appl icat ion makes 

+Vee (5 TO 15V) 

27k 9. lk 

O.Ol µ F O.Ol µF 

5 

~ 
8,4 5 1-6,7 

SE /NE555 SE/NE555 2 SE/NE555 3 
O.OOl µ F O.OOl µ F ,,,,,I ,,,,I '·"·'I 

':' LOAD "::" LOAD "::" LOAD 

Fig. 7-Test seq uencing is possible by connectin g a numbe r o f tim e rs in tand e m . 
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+Vee (5 TO 15V) 

500 

4 8 4.7k 8 

2 

SE /NE555 3 4 SE/NE555 
2 6 

112SJ 6 

lOµ F O. l µ F 

":" 

Fig. ~In a tone-burst oscillator application , one ti mer is used as a slow astable m ul tiv ibrator and a second as an audio-frequency 
oscillator . 

use of the fact th at the circuit cannot be 
retri ggered during the tim ing cycl e. 
Manually started timer 

Fig. 6 show s the NESSS connected as a manually 

r 

c 

+V 

8 4 

6 TIMER 3 -OouT 

·~JJ 
2 

~ 10k 

I _J 
TRIGGER 

ONE·SHOT 
t = 1.1R,C 

+V 
r 

• 

8 

TIMER 

AUD IO OSCILLATOR 
f = 1.46/ (RA + 2R 8 )C 

O.OOl µ F 

llO=c<] 

2 

6 

+V 

8 

sta rted t imer. The tim e can be set fro m 1 to 60 
seconds either w ith a potentiometer o r w ith a 
thum b-w hee l switch and f ixed res isto rs. Two 
loads, o ne no rm ally ON , th e oth er no rm ally OFF, 

TI MER 

-. 

3 

I 
10k t 

11 

8 

DCTO DC 
CONVERTER 

+V 

4 

DC 
+ 

+ 

TRIGGER TIMER 6 
OUT 

RAMP GENERATOR 

Fig. 10--A wide variety of additional applications are poss ible w ith IC tim ers. 
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can be connected to the circuit simu ltaneo usly. In 
this application, the circuit cou ld power a relay, a 
lamp or a controlled rectifier. 

Test sequencer 
Test sequencing is another application for the 

IC tim er. Fig. 7 shows several timers connected 
sequentially. The first timer is started, either with 
a pulse or by momentarily connecting terminal 2 
to ground, and run s for 10 msec. At the end of its 
timing cycle, it triggers the second circuit, which 
runs for 50 msec; after this time the third circuit is 
triggered. It should be noted that the timing 
resistors could be digitally programmed in this 
application. Also each circuit cou ld easi ly trigger 
several other timers to start similar concurrent 
seq uences. 

Pulse-width modulator 
In this appli cation , the timer is connected in the 

monostab le mode as shown in Fig. 8a . The circuit 
is triggered wi th a continuous pulse train (clock 
input) while the threshold voltage is modulated 
by the signal applied to the control voltage 
terminal (pi n 5). This has the effect of modulating 
the pulse width as the control voltage varies. Fig. 
8b shows the actual waveforms generated with 
this ci rcuit. 

Everything-in-one
cage basic RAM 

system made up of 
everything-on-one

ca rd memory modules. 
Up to 32K Bytes. Very 

fast: from 150 ns access time, 180 ns 
cycle time. Priced lower than any other 
memory system in this speed range. Con
sumes less than half the power of any sys
tem of equivalent speed. Highly reliable. 
TTL design comes with either driver-re
ceiver or Tri-State outputs. Cooling kit and 
r:lQWer supply offered as option. Two series 
are available: BSM 4000 holds up to 16K 
Bytes, BSM 8000 holds up to 32K Bytes. 
Cages fit standard 19" racks. Ideal for in
dustrial test equipment and incremental 
add-on memory for special purpose com
puters. Write for complete information. 
Better yet, call for fast delivery. From the 
people who really know memories: Elec
tronic Memories & Magnetics, Phoenix 
Semiconductor Facility, 3883 North 28th 
Avenue, Phoenix, Arizona 85017. Phone: 
(602) 263-0202. 

CHECK NO . 35 
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Tone-burst oscillator 
In this circuit (fig. 9), the first timer is a slow 

as table multivibrator whose output is used to gate 
an audio-frequency oscillator on and off through 
the reset terminal (pin 4) to provide repeatable 
tone-bu rst generation. 

Other types of applications that are possible 
with an IC timer are shown in Fig. 10. o 

Author's biography 
Eugene R. Hnatek is pre
sently linear marketing 
manager at Signetics 
Corp. He is responsible 
for new product develop
ment, advertising and 
management of the entire 
linear product line. Gene 
was previously with 
National Semiconductor 
Corp., where he was mili
tary/aerospace product 
marketing manager . He 
received both a BSEE and 
MSEE from Bradley Uni-
ve rsity . 

Tansitor 
your first choice 

in Tantalum Capacitors. 
Because we 're the 
specialists for wet, 
fo il and miniature 
solid tantalum 
capacitors. 
Because we have 
the models yo u 
need in stock now. 
At the right price. 
Whatever your needs 
may be ... count on the 
company that means 
tantalum capacitors. 
Tansitor. 

Fo r more info rmati on call your Tansi tor Representati ve o r contact: 

1t1 !~U!!!~! 
DIVISION OF AEROTRON, INC. 

West Rd ., Bennington, Vt 0520! • Phone: (802) 442-5473 • TWX: (710) 360-1782 

CHECK NO. 36 
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This problem should take you 
about 42 minutes to solve. 

Line up the 4 multico lored cubes so that no one color is repeated 
on any side.t As an engineer you should do this in 42 minutes.* 

With P&Bs four new time delay relays 
. you solve cost, accuracy and size problems. 

These new solid state time delays
each designed to solve different de
sign problems-are built around our 
compact, widely accepted R10 relay. 
Each is available in 2 or 4 Form C 
contact arrangements and may be 
mounted directly to a chassis , 
printed circuit board, special mount
ing strip or in sockets having solder 
or printed circuit terminals. 

R12 Series. A high resolution, 15-
turn potentiometer provides delay on 
operate timing variations within 
ranges of 0.1 to 2.0, 1.0 to 30 and 
5.0 to 120 seconds. Coils are for 12, 
24 or 48V DC. Six contact styles 
cover a load range from dry circuit 
to 10 amperes. 

Immediately. 

R14 

R13 Series. These fixed , delay on 
operate time delays are available in 
10 timing ranges from 1 to 300 sec
onds. They require less than 240 
milliwatts of DC to operate. Operat
ing voltages are 12, 24 and 48V DC. 
Contact ratings : dry circuit to 5 
amperes. 

R14 Series. Seven timing ranges 
provide delay on operate (R14) or 
interval timing (R14A) from .025 to 
600 seconds. Available fixed or ex
ternally adjustable with coil voltages 
of 6, 12, 24 and 48V DC. Contacts 
may be specified from dry circuit to 
10 amperes. 

R15 Series. AC operated from 12, 
24, 48 and 115V power sources, 

Solving switching problems is what we're all about. 

CHECK NO. 37 
t " lnstant Insanity". Copyright Parker Brothers 

- e -
- . 

•• ,'I 

' ~ -~ ,~ . . 

R15 

these compact time delays may be 
ordered fixed or externally adjust
able in seven timing ranges from 
.025 to 300 seconds. Delay on oper
ate (R15) or interval timer (R15A) 
modes are available. 

Get complete specifications from 
your local P&B representative or call 
Potter & Brumfield Division AMF 
Incorporated, Princeton , Indiana 
47670. 812-385-5251 . 

*Think you can readily solve the puzzle 
shown above? Ask your P&B representa
tive for one. 

A~F 

Potter & Brumfield 



This fully loaded, high-performance DMM 
cost you 50% to 80% less 

yet it equals or exceeds the performance 
of any other comparable DMM. 

At $1295, Data Precision's 
TM 

Tri-Phasic Model 2540A 1 js 
the best buy in the entire 
DMM field. 

A fully loaded, high performance 
precision instrument, our top of 
t_he line 51/2 digit model provides 
a basic accuracy of ± 0.001 % f.s. 
± 0.007% reading ± 1 l.s.d. for 

six months, documented by full 
test data and Certificate of Con
formance . 

Functions include: DC volts, AC 
volts, 2-wire and 4-wire resis
tance, DC/DC ratio, AC/DC ratio. 

1 1N to 1000 voe. 1 µ. v to 500 
VAC. 1 milliohm to 12 megohms. 
Autoranging, auto-polarity. Iso
lated BCD output. Remote trig
gering and remote ranging. 

All of the Data Precision DMM 's 
- the 51/2 digit 2500 Series 
models, and the 41/2 digit 2400 
Series models - incorporate our 
exclusive Tri-Phasic™ conver-

sion , lsopolar™ referencing and 
Ratiohmic™ resistance measure
ment design features. 

Performance equals or exceeds 
other laboratory-grade instru
ments. 

But at a fraction of their cost, 
size, weight and price. 

Data Precision Corporation 
Audubon Road 
Wakefield, MA 01880 
(617) 246-1600 

To arrange a demonstration phone your local sales office listed below. 
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AL (205) 883-2530 
AZ (602) 946-7252 
CA!N! {415) 321-7323 
CA 1s1 (714) 540-7160 
co (303) 449-5294 
CT (203) 527-1245 
FL! s1 (305) 563-8056 

FL !NJ (305) 241-4445 
GA (404) 457-7117 
IL (312) 286-6824 
IN (317) 253-2087 
MA (617) 273-0198 
MD (301) 588-7790 
Ml (313) 482-1229 

MN (612) 781-1611 
M01w1 (913) 236-6600 
M0 1<1 (314) 426-2331 
NC (919) 787-5818 
NJ (215) 925-8711 
NM (505) 265-6471 
NY!NJ (315) 446-0220 

NY1s1 (516) 482-3500 
OH !NJ {216) 243-7430 
OH 1s1 (513) 298-3033 
TX!NI (214) 234-4137 
TX 1s1 (713) 461-4487 
WA (206) 767-4330 

~-1:,ATA PRECISION 
.. . years ahead 

VISIT US DURING IEEE I INTERCON - BOOTH 2628 
CHECK NO. 38 
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THE BROADEST 
LINE OF SOLID 
ST ATE RELAYS 

Teledyne Relays has developed a family 
of All Solid State Relays that is available 
NOW! These industrial units include UL 
listed AC, DC and Bipolar devices 
ranging from low level to 21 amp relays 
in a wide variety of packages. l 00% 
solid state construction is achieved 
through the use of either optical or 
transformer isolation . 
By using our innovative circuits and 
microelectronic technology in high 
volume production, we offer the 
smallest (DIP), fastest switching (up to 
l 00 KHz) and lowest cost ($2. 95 per unit 
in production quantities), All Solid 
State Relays. 
Similar techniques are used throughout 
this broad line of relays. Units feature 
TIL compatibility, transient protection 
on input and output, and zero voltage 
switching. 
Build reliability and quality into your 
product by using the latest in solid state 
relay technology from Teledyne Relays. 
Our broad line of Solid State Relays is 
backed in depth by application 
engineers ready to assist you with your 
relay problems. 
Write or phone for additional 
information . 
3155 West El Segundo Boulevard, 
Hawthorne, California 90250 
Telephone (213) 679-2205 

.., ... TELEDYNE 
RELAYS 
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Simplified methods 
characterize optical couplers 
Either an oscilloscope or a transistor curve tracer can be used to 

display the current transfer characteristic of an optical coupler. 

Robert H. Dotson, Motorola, Inc. , Semiconductor Products Div. 

Optical couplers have found a wide variety of appli
cations in both pulse and linear circuits. But their 
usefulness in linear circuits is somewhat limited by 
the nonli)learities of their current transfer curve 
(input current versus output current at constant 
collector voltage). This curve varies from device to 
device, and at times it is necessary to know the cur
rent transfer curve for a given coupler. These curves 
can be generated with usable accuracy either on a 
standard osci I loscope or on a transistor curve tracer. 

On an oscilloscope 
The isolated nature of an optical coupler makes it 

very simple to display input current versus output 
current on an oscilloscope without polarity or 
grounding problems. A circuit for doing this is 
shown in Fig. 1 a, and a typica.I display obtained is 
shown in Fig. 1 b. 

Pulsating full-wave rectified 60-cycle voltage is 
applied to the light-emitting diode (LED) of the 
optical coupler. The LED input current is proportion-

IF - - -• 

VERTICAL: 50mV/cm le= 5mA/div 
HORIZONTAL: 1V/cm IF= 10mA/div 

al to the voltage across the 1 oon resistor, and that 
voltage is connected to the oscilloscope horizontal 
circuit. Similarly, the output current of the coupler is 
proportional to the voltage across the 1 on resistor, 
and that voltage is connected to the oscilloscope 
vertical circuit. V CE is approximately constant and 
equal to the supply voltage to the collector circuit. 
This is because at the maximum collector current of 
about 40 mA, the voltage drop across the 1 on resis
tor is only 0.4V. Therefore, V CE will vary by less than 
10% if the supply voltage is SY or above. 

On a curve tracer 
To use a transistor curve tracer to display the cur

rent transfer characteristic of an optical coupler, the 
arrangement shown in Fig. 2 is used. For all practical 
purposes, when the coupler is connected in this way, 
it acts like an NPN transistor (Fig. 3) . The transfer 
ratio is just the effective "Beta" (output current di
vided by input current) multiplied by 100%. 

A test jig using a 14- or 16-pin dual-in-line IC 

r
' I I 
I 
I 
I L __ 

TO SCOPE 
HORIZONTAL 

100mV 
per 

1 mA 

100 
lW 

PHO TO-
LED TR ANS ISTOR 

----:z_ 

(a) 

-1 MOC1000 
I UNDER 
I TEST 
I 
I 

_ _j 

10 

TO SCOPE 
VERTICAL 

10mV 
per 

1 mA 

Fig. 1 - Oscilloscope display of optical coupler current transfer characteristic is generated with voltages deve loped by the coupl er input 
and output currents (a). Typi ca l display waveform is shown in (b). 
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CURVE 
TRACER 

c 

B 
I 
I 

MOC1000 

J_J 
: CURVE TRACER 

E l 
I CONNECTIONS 
I 

VER TICAL: 2mA/div 
HOR IZONTAL: 2V/div 
PO LARI TY : + 
STEP SELECTOR : 

(a) 

+10mA PER STEP, 8 STEPS 

SWEEP: 0·20V 
POLARITY:+ 

(b) 

Fig. 2- Curve tracer display of current t ransfer characteri stic is 
accomplished as in (a) and produces fami lies of curves as in (b). 

B c 

c 
[ B 

E 

Fig. 3- The optical coupler is equivalent to an NPN transistor 
when it is connected to the curve tracer for transfer characteri stic 
measurements. 

socket can be readily made whi ch w ill plug directly 
into the curve tracer and implement the testing of a 
large number of couplers. Note also that this same 
technique can be used to test other types of optica l 
couplers, such as LED-photodiode and LED-pho
toDarlington pairs, by adjusting the input and output 
requirements to sui t the device. o 

BOOK MANUSCRIPTS WANTED on 
business or technical subjects of interest 
to EON readers. Top editorial guidance, 
top marketing , top production , top royal
t ies from Cahners Books, book publishing 
affil iate of EON and fastest growing pub
li sher in the field . Contact chief editor of 
thi s magazine. 

BARGAIN! 
MINI-PRICES 

Repeat of our previous " best 
seller." Hottest price for precision man
ufactured mini open transformers. Bi
f i I ar wound with exciting two-color 
solder pot strippable wiring. The perfect 
touch for your new balun , floating 
switches, inhibit drive and coupling ap
plications. Eliminates time-consuming 
core search and winding. 
Low, low factory to you prices. 25¢ each 
(lots of 500) 
Guaranteed, immediate shipping within 
24-hours of your order for any item in the 
vast selection described below. Deliv
ered fresh to you in convenient pack
ages of 50. If you're a big spender, ask 
for special quotes for lo ts of 1,000 or 
more. 

ELECTRICAL SPECIFICATIONS 
Primary ET Cww LL 

Catalog Turns OCL Volt-µsec pf µ H 
Number Ratio + 5 °/o µH min Min max max 

PE 52104 1:1 10 1.0 1.5 0.18 
PE 52106 1:1 20 1.3 2.0 0.20 
PE 52108 1:1 35 1.6 2.5 0.20 
PE 5211 0 1:1 60 1.8 3.5 0.22 
PE52112 1:1 85 2.1 4.0 0.22 
PE52114 1:1 125 2.7 5.0 0.22 
PE52116 1:1 160 2.8 6.5 0.22 
PE 52118 1:1 215 2.8 8.5 0.22 
PE 52120 1:1 240 3.2 10.0 0.22 
PE 52122 1:1 290 3.6 12.0 0.22 
PE 52124 1:1 360 3.9 12.5 0.24 
PE 52126 1:1 385 4.2 12.5 0.28 
PE 52128 1:1 445 4.4 14.0 0.28 
PE 52130 1:1 515 4.9 14.5 0.32 

PHYSICAL DIMENSIONS 
Lead Length : 

Start 1.5 in. min. 
Finish .75 in. min. 

0 .D.-0.220 max. 
Height-0.100 max. 
Inspection per MIL STD 105 

1 % AOL Level 2 

Rat ing Range 
Average Power Rating 

(40°C Rise) 
Dissipation Rat ing 
Peak Pulse Voltage 
High Potential Test 
Insulation Resistance 

A Varian Subsidiary 

OCR 
ohms 
max 

.14 

.17 

.23 

.25 

.28 

.30 

.35 

.35 

.37 

.41 

.42 

.48 

.50 

.54 

250 mw 
75 mw 

50 volts 
200v rms 

10,000M!l 

Pulse 
Engineering 

Inc. Pulse Engineering, Inc . 
P.O. Box 12235 • San Diego, Calif. 92112 
Phone 714-279-5900 • TWX 910-335-1527 

CHECK NO. 6 
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Most companies crank out a 
couple of different MOS 
RAMs and leave it at that. 
That's good business for them, 
but not so good for you. At 
AMI, we want to solve all 
your RAM problems. So 
we've more than doubled our 
product line, our production 
and the number of our distrib-

Mostek's 4006, with an access 
time of less than 400 ns . As well 
as the slightly slower S4008. 

Soon we'll be introducing a 
4K N-Channel RAM that will 
knock the industry on its ear. 
We also have a 1024-bit static 
RAM in the works, and we've 
run some of the first C-MOS 
high-density RAMs. 

utors. 
Right now, we can cover 90 

percent of 1024-bit MOS 

So instead of jumping 
'1e've just doubled the odds around from source to source, 

in your favor. 
why not let us fill all your 

RAM applications right off the shelf. Only one 
other company even comes close. And nobody 
else can build RAMs using any one of five 
different processes. 

Besides our 2103, a pin-for-pin replacement 
of the 1103, we have some really fast numbers. 
Our 3103, for example, is almost twice as fast 
at 180 ns. Then we have the S4006 quasi-static 
read/ write memory, which is pin-for-pin with 

RAM needs? It's a sure way to circuit 
compatibility. And it will save you time and 
aggravation, too. 

Our distributors throughout the country are 
well stocked with our standard RAMs. Write 
us to find out the name of the one nearest you, 
as well as complete details about our products. 

American Microsystems, Inc., 3800 Home
stead Road, Santa Clara, California 95051. 

AMERICAN MICROSYSTEMS, INC. 

First with the MOS. 
CHECK NO. 43 
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A new concept in 
packaged power circuits 

as convenient 
as the TV dinner. 

I 
' j 

The International Rectifier PACE/pak™ is the de
vice behind this new concept. 

They are power integrated circuits, made up of 
SCRs, diodes, triacs , etc. which give you a complete 
control circuit function in a single package. And like 
the TV dinner, they take most of the shopping and 
assembly times out of the job. 

But that's just the beginning of the benefits they 
offer. 

Smaller size. PACE/ paks (Passivated Assem
bled Circuit Elements) are electrically isolated up to 
2.5 kV. There 's no need for a separate isolated heat
sink, so you get up to 60% reduction in space re
quirements. 

A better designed system. With the smaller size 
of these power hybrid control circuits you get more 
design and packaging flexibility . And since you don't 
have to spend time designing with discrete compo
nents, you have more time to make other improve
ments. 

One-fifth the assembly time. No more do you 
have to assemble five to seven devices for single and 
3-phase functions. With the PACE/ pak there is just 
one part to mount , one part to interconnect with push
on or screw terminals . Your system reliability is high
er, too . 

Just think of the other savings you can make in 
testing , inspection and field servicing . 

\ 

Lower inventory costs. We estimate a 7-to-1 
reduction in inventory, plus savings in procurement 
time and costs . Standard PACE/pak circuits now 
cover 90% of single-phase power circuit require
ments, with more in development for 3-phase appli
cations . 

They are available as standards with 25 or 42 .5 
Amp current ratings , in either 120 or 230 Volt RMS 
versions . 

Find out how PACE / paks will revolutionize your 
designs like de motor controls, inverters, chopper 
drives, generator exciters , so lid-state circuit breakers, 
battery chargers and variable de power supplies. 

Call your local IR sales office for details or con 
tact the factory : International Rectifier • 233 Kansas 
Street, El Segundo, CA 90245 • (213) 678-6281 • 
TELEX: 67-4666. 

International 
Rectifier 

. . . the innovative power people I I~jR I 
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1973 
§@)~ 

Begins in January 
EDN is bringing its Sixth Annual Caravan your way January
March, 1973. Watch for this traveling exposition of products 
and ideas especially for computer, computer peripheral and 
instrumentation industries. 

Don't miss this unique opportunity. 

ANALOG DEVICES INCORPORATED 
ANSLEY ELECTRONICS CORPORATION, DIVISION OF THOMAS & BETTS CORPORATION 
BELDEN CORPORATION 
BURNDY COMPONENTS GROUP, BURNDY CORPORATION 
BURROUGHS CORPORATION, ELECTRONIC COMPONENTS 
TRW CINCH DIVISION OF TRW INC. 
CORNELL-DUBILIER ELECTRONICS 
I-T-E IMPERIAL CORPORATION, DISTRIBUTION & CONTROLS GROUP 
NORTH AMERICAN PHILIPS CONTROLS CORPORATION 
THE SUPERIOR ELECTRIC COMPANY 
UNION CARBIDE CORPORATION, KEMET DEPARTMENT 
WESTON INSTRUMENTS, INC., A Schlumberger Company 

§~ 221 Columbus Ave I Boston, Mass. 02116 

We may be visiting your city-or perhaps your own plant site. 

66 E D N MA R C H 5, 1 9 7 3 



DATE 

February 28 
A.M. 
February 28 
P.M. 

March 1 
A .M. 

March 5 
A.M. 

March 7 
A.M . 

March 7 
P.M . 

March 8 
A.M. 

March 8 
P.M. 

March 9 
A.M. 

March 9 
P.M. 

March 12 
Day (AM-PM) 

March 12 
P.M. 

March 13 
A.M. 

March 13 
P.M. 

TIME 

Wednesday 
9:00-11 :30 
Wednesday 
2:00-4 :30 

Thursday 
9:00-11 :30 

Monday 
9:00-12 :00 

Wednesday 
9:00-11 :30 

Wednesday 
2:00-4:30 

Thursday 
9:00-11 :30 

Thursday 
2:00-4 :30 

INVITEE 

Friday 
9:00-11 :30 

Friday 
2:00-4:30 

Monday 
10:00-1 :30 

Monday 
2:00-4:30 

INVITEE 

Tuesday 
9:00-11 :30 

Tuesday 
2:00-4:30 

1973 EON CARAVAN 
MAJOR MOBILE TRADE SHOW 

Tour Itinerary 

FEBRUARY 28-MARCH 13, 1972 

SITE 

Honeywell Information Systems , 4000 N.W. 39th Street , 
Oklahoma City , Oklahoma 

* Western Electric , 6655 West Reno Avenue 
Oklahoma City , Oklahoma 

* Telex Computer Products , 6422 East 41 st Street , Tulsa , 
(Parking: Sheridan Entrance - Rear of Building) 

Collins Radio , 855 - 35th Street N.E. , 
Cedar Rapids , Iowa 

# Honeywell , 2600 Ridgeway , Minneapolis , Minnesota 

# Control Data Advance Project Lab , 2800 East Old 
Shakopee Road , Minneapolis , Minnesota 

# Control Data Corporation , 4625 West 77th Street , 
Minneapolis , Minnesota 

# Sperry Rand/UNIVAC , 2276 Highcrest Drive , Roseville , 
Minnesota 

Sperry~UNIVAC/EMR Products 

Sperry Rand , Federal Systems Division , 2750 West 7th 
Boulevard , St. Paul , Minnesota 

# Control Data, 4201 Lexington Avenue, St. Paul (Arden 
Hills) , Minnesota 

# Bell Telephone Labs , Naperville , Illinois 

# Western Electric , 4513 Western Avenue , Lisle , Illinois 

Western Electric , Hawthorne , Illinois 

* A. B . Dick Company , 5700 West Touhy , Niles , 
Illinois 

# Teletype Corporation , 5555 West Touhy , Skokie , Illinois 

• No outside visitors allowed , only Caravan Personnel and Exhibitor representitives 
# No reply from plants as yet to allow outside visitors . 

PARKING : Where special parking instructions are not noted , these plants generally have securi ty guards at entrance point and instructions will 
be given . 
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Tailor the response 
of your active filters 
Here's a technique for emphasizing or de-emphasizing the response curve 

at specific frequencies and at specific gain or attenuation rates. 

Bjorn Brandstedt, McDonnell-Douglas Corp. 

The design of "standard" active filter types such as 
Tchebyscheff, Butterworth, etc., is fairly well estab
lished in terms of the integrated c ircuit operational 
amplifier. Often, though, engineers are ca lled on to 
design band-pass filters where the response curve 
must be emphas ized or de-emphasized at specific 
frequenc ies and at specific gain or attenuation rates. 
The standard design procedures must then be modi
fied. One way of doing it is described in this article. 
This technique has successfu lly been employed to 
rea lize wei ghting and equalizing networks for audio 
applications. 

The transfer function 
The transfer function on whi ch this technique is 

based contains real and complex zeros whi ch are 
most useful , if not necessary, in weighting and em
phasis network design. The general form of the trans
fer function is 

T (s) 
K(s + w, )(s2 + 2w3 z,s + w/)(s + w5 ) 

(s + w2 )(s2 + 2w4 z2s + w/)(s + w
6

) 

(1) 

l 
E,N 

1 
CLOSED LOOP GA IN = z •• 1z,N 

NETWORK A 

OPERAT IONA 
AMPLIFIER 

WHERE SUBSCRIPTS "' FB" AND " IN" REFER TO FEEDB ACK AND 
INPUT NETWORKS, RESPECTIVELY 

Fig. 1 - An input network (B) and a feedback network (A) are used 
with the op amp to implement the transfer function of Eq. 1. 
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dB 
24 12dB/OCT 6dB /OCT 6dB /OCT 

- 12dB/OCT - 6dB/OCT - 6dB/OCT 

w 

Fig. 2 - Log-dB Bode plot of T(s) consists of six individually vari 
able components. 

Using the procedure that follows it is possible to 
realize Eq. 1 with only one operational amplifier. 
Any pair of zeros and/or poles, complex or real, may 
eas ily be made to cance l if they are not required. 
Furthermore, all poles or zeros are taken care of at 
one time, thus minimizing design ca lcu lations. That 
is, once the function has been determined, all zeros 
are designed into one network and all poles into a 
second. The operational amplifier configurat ion used 
to reali ze the desirable relationship between the two 
networks is shown in Fig. 1. Thi s configurat ion al
iows us to read il y invert T(s) fo r de-emphasis should 
that be ca lled for in a pa rti cul ar signa l process ing 
system. 

The ga in of T(s) namely K, is the fam ili ar closed
loop de-ga in , Zn/Z,.v , of Fig. 1. Using only a single 
operational amplifier and networks havi ng a poten
tial of four poles and four zeros, provides the inher
ent advantages of lower component count, power 
drain and cost. 
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The design procedure 
It has been found that the simplest approach to 

emphasis n~twork design is to determine the desired 
T(s) from approximations on a log-dB Bode plot, and 
then synthesize the so derived T(s) . The gain func
tion of T(s) is 

G = 20 log10 I + 20 log10 1iw + w 1 I + 20 log10I 

2 w3z1 jw + w3
2 

- w2
1 + 20 log 10 I 

2 . . + 2 21 20 I 1· I W4Z2 JW w4 - w - og!O JW + w6 

(2) 

Graphicaliy, the function consists of six individu
ally variable components plus the gain constant (fig. 
2). The gain constant, of course, does not affect the 
relative response. The response curve of T(s) is the 
sum of these components, as indicated in (Eq. 2). 
The idea in tnis particular approach to the derivation 
of T(s) is to manipulate the terms of Eq. 2 in a man
ner that wi II cause them, when added, to exhibit the 
desi red frequency response. 

The designer must keep in mind . that undesi.red 
terrhs will cancel in pairs only. So if only complex 
conjugate poles are desired, the complex conjugate 
zeros must be located outside the region of interest. 

When, in terms of Fig. 1 , al l break freq uencies and 
damping constants have been selected, they are in
serted into the general form of T(s) to produce the 
particular transfer function that is to be realized. 

Design example shows how 
The following example shows how the design 

procedure is carried out. In the example, frequency 
emphasis at a rate of 18 dB/octave is desired be-

dB 
36 

~o 

24 

18 

12 

6 

20 50 100 200 500 

z = 0.38 
f = 5500 Hz 

Fig. 3 - Desired response of 18 dB/octave emphasis network is 
produced by graphica ll y manipulating the terms of Eq. 2. 

c, 1/a c, 

Gb 1/a Gb 
0 0 - 20' 0 

C = C (1 + a)--

(1 + 1/alG, (1 + 1/a) Cb 
a O o

0 

w 2 

Cb = C0 (1 + a) + 
0 0 

(a) o
0 

- 2a ;;> 0 c, = c --5_ 
0 0 0 

G = u C • 0 • 

Gb = oOCb 

WHER E G = ...!.._ 
R 

C
0

(1 + a)(w
0

2 - 2a
0

o
0 

+ 0
0

2 ) 

G 
c = 

' 
b 0 2 

0 

c c = c . • 0 

Gb = oOCb 

Gb 1/a Gb 

G, = C
0

(2a
0 

-o
0

) 

I 
(1 + 1/a) Cb 

0 0 
(bl o

0 
- 2a.;;; 0 

FOR EITHER OF 

THE ABOVE NETWORKS 

THI S IS A SHORT CIRCUIT DR IVING POI NT ADM ITTANCE TH AT WAS 
DERI VED TO BE A REQUIRE MENT FOR THE ABOV E NETWORKS. 

Fig. 4 - These are the networks used to implement Eq. 5 and 6. If 
a-

0 
- 2a > 0, network a is used, and if a-

0 
- 2a ::= 0, network b is 

used. 

tween 5 kHz and 15 kHz. At the break points, ±1 dB 
is tolerated. Behavior beyond 15 kHz is not criti ca l 
but emphasis shall not exceed 40 dB at 20 kHz. Fig. 
3 shows the desired response cwrve with the terms of 
Eq. 2 superimposed in a fashion that is likely to pro
duce the desired response. 

The asymptotes of the function are graph ita l ly 
added, subtracted and adjusted unti I the designer is 
satisfied enough to continue the procedure and to 
anaiyze the response of a breadboarded version of 
his function. This is a trial and error process. The 
slope, for example, is dependent on the damping 
constants of the quadratics and/or the relative loca
tion of their break frequencies. 

The thing that makes it difficult to use the asymp
tote method with the quadratics is the damping con
stant which, for small values, causes the true curve 
to deviate a great deal from the asymptotes, and as a 
result, the log-dB method loses some simplicity. 
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2.0Bn F 

0.072µ F 8.90nF 

1.:i7k 10.9k 

91 6.50nF 

Fig. 5- The input network of the design example has these ca lcu
lated component values prior to sca ling. 

The minimum value of the damping constant (z) is 
zero and the maximum value is unity, since for z 
greater than unity the roots are real and two linear 
terms may be used. This synthesis method thus re
quires 0 < z ::: 1. 

To continue the example the following is obtained 
from Fig. 3 : 

T( s) = (s + 27T 5000) [s2 + 47T 5500(0.38)s . .. 
(s + 27T 2x104)[s2 +47T 2x 104 (0.50)s. 

+ (2 7T 5500)2
] (3) 

+ (2 7T 2 x 104)2] 

For the circuit configuration of Fig. 1 , 

T (s) 

where 

_ Y2 w 

Y21 A (4) 

[s2 + 47T 5500(0.38)s + (27T 5500) 2
] 

Y2 1a = (s + 27T 2 x 104) (s + w,) (5) 

_ [s2 + 47T2 x 104(0.SO)s + (2 7T 2 x 104 f} 
Y2 1

A - (s + 27T 5000) (s + wP) 

(6) 
The terms that are left as unknowns in Eq. 5 and 6 

are selected to cancel in thi s app li cation because 
they are not required. 

Now begins the actual synthesis procedure, which 
is based on Dasher's synthesis procedure 1

, and in 
this simplified case boil s down to the determination · 
of element values for either of the networks shown 
in Fig. 4. 

The steps can be traced from the formal pro
cedure, but need not be general here and have thus 
been simplified considerably. 

1. We begin by reali z ing Y211r 

The parameters a
0 

and w
0 

are determined from the 
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location of the zero in the upper left-hal f plane. The 
pertinent root of the quadratic term of y2 18 is 

s = - 2.64 x 104 

0 2 

+ 
6.91 X 108 - 4 X 11.9 x 108 

4 

1.32X 104 + j 3. 14 X 104 (7) 

(location of zero in upper half plane) 
NOW, S

0 
-a

0 
+ j,8

0 
= W

0 
< 8° 

SO, a
0 

1.32 X 104 

w/ 1.01 2 x 109 

2. Normall y the startin g point is a specified y 11 

and y 12 (y 12 = y21 for passive networks). In this modi
fied procedure we "assemble" the y 11 as we go 
along in order to simplify the process by selecting 
the most convenient poles and zeroes. 

Consequently, the poles of y 11 and y2 1 will be the 
same. There are no real zeros in y

21
• 

y 11 shall be in the form of a ratio of a quadrati c to 
a linear function. This is normally accomplished by 
producing an admittance pole at infinity. It is real 
ized as a series resistor which is omitted here be
cause of its negligible effect. The remainder when 
the admittance pole has been produced is y8 which , 
without a previously spec ified y 11 is directly approxi
mated as 

(8) 

which has the desired form of a ratio of a quadratic to 
a linear function. This is a very close approximation, 
where the requirement for w, is 

(9) 

In our example, then 

1.06k 

O.OlµF 

10.1 341 

0 

r,~> 

0 

Fig. 6- The feedback network of the des ign example has these 
ca lculated component va lues prior to sca ling. 
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_ (s + 1012)(s + 106) 
YR - 108(s + 1.26 x 105) 

s2 + 1.001 x 106s ·+ 1.012 x 109 

108(S + 1.26 X 105) 

s2 + lQ6s + lQ9 
YR= 108(s + 1.26 x 105) 

(10) 

3. In order to compare the above admittance 
(Eq. 10) to the driving point admittance that was 
derived to be a requirement for the networks of Fig. 4 , 
we now obtain a partial fraction expansion of yR/s. It 
is of the form 

bo bl 
b,,, +-+---

s S + CT0 

YR 
s 

s2 + lQ6s + 1 09 

108(s + 1.26 x 105)s 

= b + bo + bl 
"' s s + 1.26 x 105 

s2 X 10-8 + lQ6 X 10-8s + lQ9 X lQ-8 

= (s + 1.26 x 105) s b,,, + (s + 1.26 x 105) 
b

0 
+ b1 8 

= s2 b,,, + 1.26 X 105 b,,,s + b
0 

s 
+ 1.26 X 105 b

0 
+ b1 S 

The equating coefficients: 

10- 8 = b 
"' 10-2 = 1.26 X 105 b.,, + b

0 
+ b

1 

10 1.26 X 105 b
0 

10 
---- = 8.04 x 10- 5 
1.26 x 105 

(11) 

10- 2 = 1.26 X 105 X 10-8 + 10 + b 
1.26 x 105 1 

bl = 10- 2 - 1.26 x 1 o-3 - 8.04 x lQ- 5 
= 8.66 x 10-3 

So, b.,, = 10- 8 

b
0 

= 8.04 X 10-5 

bl = 8.66 x 10- 3 

4. By comparing the derived y
11 

with the above 
expansion, we now obtain the remaining unknowns. 
Multiplying Eq; 11 bys; 

bl s 
sb + bo+-+-

00 S (To 

Factoring out b
00

, 

[ 
b0 b1 ( S )] b s+-+- --

oo boo boo S + (To 

From Fig. 4 , 

(12) 

(13) 

SCALE FACTORS 

(FOR UNITY GAIN) : 

INPUT NETWORK - 2.15; 
FEEDBACK NETWORK - 100 

970 pF 

0.033µ F 4.15nF 

2.94k 23.4k 

196 

3.03nF R ; 
T 

13.2k 

106k 

100 pF 

l.Olk 34.lk 

0.032µ F 

Fig. 7- The completed filter network has the indicated compo
nent values after scaling. 

( w/ ) b1 a er + - - 2a = -
0 (T 0 b 

0 00 

a(l .26 x 105 + 
10 

- 2.64 x 104 ) 
1.26 x 105 

8.66 x 10- 3 

1 o-8 

:.a= 8.05 (15) 

5. Determine which network in Fig. 4 to use by 
evaluating cr

0 
- 2a. 

<T
0 

- 2a = 1.26 X 105 - 2.64 X 104 

= 1.0 x 105 > 0 

Therefore, use the TEE-network of Fig. 5 for the input 
network. This is network "B" in Fig. 1 . 

6. Calculate network component values accord
ing to the formulas given on Fig. 4. 

= 10-8 (9.05) (12.60 - 2.64) x 104 

1.26 x 105 

= 7.16 x 10-8 farads 

G
0 

= (1.26)(7 .16) x lQ-3 = 9.00 x 10-3 
mhos (= 111 rn 

Cb 1 o- s ~-·~: : 11~
9

0 = 5.78 x 10- 9 farads 
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Fig. 8- The actual response of the final network is shown to be in close agreement with desired response. 

(1.26) (5.78) x 10- 4 = 7.27 x 10- 4 mhos 
(= 1.37 kO) 

c = 1 o-s 2·64 x 104 = 2.08 x 10- 9 farads 
e 1.26 X 105 

le 
a a 

(0.124 ) 7.16 x 10- s = 8.90 x 10- 9 farads 

le 
a a (0.124 ) 7.2 7 x 10- 4 = 9.16 x 10- 5 mhos 

(= 10.9 kO) 

(1 +~)cb = (1.1 24)(5.78) x 10- 9 

= 6.50 x 10- 9 farads 

(1 + ~)c0 = ( 1.1 24 )(9.00) x 10- 3 

= 1.10 x 10- 2 mhos (= 91 fl ) 

The result is shown on Fig. 5. 
7. Repeat the procedure for the feedback network. 

The result is shown in Fig. 6. 
8. Select a scale factor for the input network that 

yields reasonable component values. This is done 
simply by multiplying all resistors and dividing all 
capacitors by the same constant. The scale factor of 
the feedback network now depends on the desired 
closed-loop gain ; so, 

(desired closed-loop gain ) Z/ V 

I f ' de sea e actor F B = 
zf"lldc (16) 

The complete network is shown in Fig. 7. 
9. The circuit of Fig. 7 is bread boarded and 

the response evaluated. Usually, several adjustments 
must be made, with subsequent recalculation of com
ponent values, before a satisfactory result is achieved. 
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Once a design is acceptable, the de drift is taken 
care of according to: 

RT = ZIN II ZF/1 
de de 

(17) 

= 26.3 kfl ll 26.4 kfl 

= 13.2 kfl 

The operational amplifier is finally compensated for 
the chosen closed-loop gain, as per the manufac
turer's specifications. 

The final emphas is network response is shown in 
Fig.8 . D 
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\For \ I 
real reliability 

in rolled 
capacitors ' 

buy 
EXPERIENCE. 

El-Menco Rolled Capacitor Types: 

• Mylar-paper, dipped (Type MPD) 
• Mylar, dipped, epoxy (Type MOE) 
• Mylar, dipped , epoxy, flat (Type MDEF) 
• Mylar-paper, ceramic tube, epoxy end fill (Type MPCE) 
• Paper, ceramic tube, epoxy end fill (Type PCE) 
• Mylar, impregnated, dipped (Type MOR) 
• Mylar, Mylar wrap, round (Type MWR) 
• Mylar, Mylar wrap, flat (Type MWF) 
• Polypropylene, dipped (Type PPD) 

The real measure of rolled capacitor relia
bility ultimately comes down to one critical, 

controlling factor: the capacitor manu
facturer's experience. And you can measure 

El-Menco's rolled capacitor experience in the 
hundreds of millions. El-Menco's experience in 

design - in improved testing and manufacturing 
techniques - in better quality and reliability 

through closer control of purchased materials 
and manufacturing methods - all combine 

to give you, the customer, experience in 
failure-free equipment in the field. 

Why settle for less than the priceless 
assurance of continuous, trouble-free 

operation? 

A glance at some of the El-Menco rolled types, 
shown here actual size, tells you the space these 

compact capacitor packages can save. They are 
available in several dielectrics, in capacitance 

ranges from .001 to 1.0 mF, in voltage ratings from 
50 to 2000 V, with axial or radial leads, and in 
operating temperatures as low as -55°C and as 

high as +125°C. 

Write for comprehensive engineering data 

l _.t-l~lll p THE ELECTRO MOTIVE MFG. CO., INC. 
L,~_J-1iiii•-11 .... 1ii'5'iljl111111111,•' I• Wi II i m antic, Conn. 06226 

West Coast: Collins and Hyde Co. 
Nationwide : Arco Electronic Distributors 

CHECK NO. 47 
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I ' (}rdltiotlJ f. Announcing 

11(JfllJlinl ·. ""v.-. . Crf01u:<i1 tiuo great books . lGtlid'"' Ma•at'•8 v-· .v~ Vtf"J p,oc1it:Ol c;.idt"' r~• . 

' 
vo1u,..1 ·---- to help you with ging Your9tllf 

I 

,..,.., 
Man8 tivelY Managing OtherS _::::--.- cfjljltively people 

[ r.il\lli.ck·""o. ----by ' t ..,,r.i l'>llo<i.,,._o. 

management • • • 

I ~ the most 
i important part 

f 

of your job ... 
f 

MANAGING CREATIVELY 
A VERY PRACTICAL GUIDE IN TWO VOLUMES BY TED POLLOCK 

There is no secret to working successfully with 
people, just a set of principles that have weathered 
the test of time and kooky laboratory theories. 

Ted Pollock, advisor, author 
and lecturer to American 
business on the complex 
problems of working with 
people distills the essence of 
his vast experience in these two 
volumes. 
A positive approach, keyed to 
today's thinking, makes these 
volumes a must for the 
executive who has to operate 

with a minimum of conflicts and hang-ups. 
You can't call in a consultant for every personnel 
problem but you can turn to these volumes written 
by one of America's top personnel management 
consultants. It's like having him by your side. 

Volume I 

MANAGING YOURSELF CREATIVELY 

The Right Way to 
Delegate Authority 

The Art of Making 
Decisions 

Volume II 

How to Tackle a 
Problem and Solve It 

Twenty-Four Ways to 
Save Time 

MANAGING OTHERS CREATIVELY 

How Well Do You How to Give 
Handle People? Instructions 

Hiring and Firing How to Size Up People 

Put Your Ideas Across Managing for Better 
Effectively Morale 

"The Trouble With Coming to Grips with 
You Is ... " Employee Gripes 

How to Develop a 

Comments by readers on 
Ted Pollock's advice: 

15-DAY FREE TRIAL EXAMINATION . .. 
Top Assistant 

" I read your article 'How to Use 
Tension'-your technique has 
been utilized by me and the 
rewards are not only gratifying 
but unlimited." 

-John E. Martin, 
General Foreman 
Martin Marietta 
Corporation 

" have always been im
pressed by the solid down-to
earth nature of your comments 
a s well as the concise and direct 
language in which you express 
yourself." 

74 

-Frederick E . Martin, 
President 
Madison Gas and 
Electric Company 
Madison, Wisconsin 

r------------------------------------CAHNERS BOOKS 
89 Franklin St., Boston, Mass. 0 2110 
Please send me : 
D Both volumes@ $16.50 a set---MANAGING CREATIVELY 
O Volume I @ $9.50-MANAGING YOURSELF CREATIVELY 
D Volume II @ $9.50-MANAGING OTHERS CREATIVELY 
D Bill Me 
D Bill Company 
D Check Enclosed 
NAME _________ _______ _____ _ 

COMPANY ____________________ _ 

ADDRESS ________ _____________ _ 

CITY /STATE / ZIP-------------- ---
Add Any Applicable State Tax S 58/M0809 
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W-J is on the Market 
with 

EBS (Electron Beam Semiconductor) AMPLIFIERS 
Four years of research and development have resulted in Watkins-Johnson offering four 
entirely new electron devices to perform a variety of power amplification and control 
functions. 

These devices make use of a modulated energetic electron beam to control the current in 
a semiconductor, a technique which provides performance not found in existing solid 
state or electron tube devices. They are described below. 

1) WJ-3650 is a video pulse amplifier, capable of 
producing ±125 volts pulse output into a 50 ohm 
load with pulse risetimes less than 1.5 nanosec
onds. Efficiencies as high as 50% have been mea
sured for this device, making. it perfect for ampli
fication of low-voltage, fast-risetime pulses. It is 
especially suited for rapid modulation of CRTs 
and electro-optic modulators. 

2) WJ-3652 is a grid-controlled, short-pulse modulator which will produce 100 amperes 
into a load impedance up to one ohm with approximately 2 nanoseconds risetime. It can 
be used in any application where high currents with very fast risetimes or very short pulses 
are desired, and it is particularly suited for use as a high speed pulser for injection lasers. 
Maximum duty cycle is 0.05 percent. 

3) WJ-3653 is an ideal high-voltage switch for pulsing high
power grid controlled microwave amplifiers such as TWTs or 
klystrons. It produces 400 volts output with a 3-nanosecond 
risetime into 100 ohms and a 10-nanosecond risetime into 100 
ohms in shunt with 30 picofarads capacitance. It also provides 
a total delay from the ten percent point of the input waveform 
to the corresponding point on the output pulse of less than 3 
nanoseconds. It can be operated up to two percent duty factor. 
These unique features make this device desirable for use in 
deception repeater, pulsed radar or dual-mode ECM systems. 

4) WJ-3660 is a pulsed linear RF power amplifier with a low pass bandwidth. Two versions 
are available: a) 150 watts peak power from de to 160 MHz with 25 dB gain and b) 50 watts 
peak power from de to 320 MHz with 20 dB gain. Maximum duty cycle is 2 percent. 

Further details are available trom our Field 
Sales Office/Representative in your area or trom 
Watkins-Johnson Applications Engineering. 

See Us at the Barbizon-Plaza 
Studio G During INTERCO.N/IEEE WATKINS-JOHNSON 

3333 HILLVIEW AVE., STANFORD INDUSTRIAL PARK, PALO ALTO, CALIF. 94304 • (415) 493-4141 

CHECK NO. 48 
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Gene Carter of National Semiconductor speaks out 

on the pROM as a design tool 
The rise in pROM applications has been rapid, and the proliferation of 
available devices has made the designer's selection task more challenging. 

No one will argue the fact that pROMs, or field
programmable ROMs, have made an impact on sys
tem logic design. In order to evaluate this impact, 
one must first understand the rise of the ROM (Read
Only Memory) as a design tool. 

First introduced in 1967 as a 256-bit MOS device, 
the ROM was touted as the answer to all problems 
associated with look-up tables and code converters. 
It was \)ffered for sale at about 10¢/bit. Engineers 
weren 't too impressed with this kind of storage then, 
but felt that if technology could achieve 1024 bits of 
storage per package, this would be of sufficient ca
pacity and cost to be useful. 

The 1024-bit design followed the 256-bit device 
by about 6 months and began finding interest. One 
of the first applications was as a character generator 
for a thermal printer. This gave rise to character
generator and fixed-program micro-instruction sets 
for data-terminal applications . But the first large
scale application for the ROM did not occur until 
1969. Since then , the worldwide volume of ROM 
sales has grown from 1000 to 2000 units/month to 
200,000 MOS and 40,000 bipolar units/month, 

ROMs were fine design tools when they were first 
introduced but they also had their shortcomings- it 
took 10 to 12 weeks typically for turn-around time to 
customize the memory pattern . Because the artwork 
was generated manually, it was prone to at least one 
error per iteration. To get around objectionable 
lengthy lead times, development programs to build 
an electrically alteraple memory began during 1968 
to 1969. 

Long memory write cycle times were acceptable 
but short r~ad cycle times were desirable, hence the 
name' reaq-mostly memory (RMM) was coined. A 
successful RMM was first achie'\'ed in 1971 when a 
2048-bit MOS ROM that could be programmed in 
the field and also be erased and reprogrammed was 
manufactured. 

In the meantime, the engineering community had 
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found the benefits of using ROMs as micro-program 
storage and random logic elements in processor sec
tions of computer systems. Again, since the micro
irstruction set was the last to be specified, but the 
first part required to prove breadboard feasibility, 

@ = MASK PROGRAMMABLE 
CONNECTION 

Fig 1- A programmable logic array implements random logic 
functions. Each output is a Boolean function of any or all the 14 
inputs shown, in the form: F.r = (l 1T,f1114 , + 1,1 )

7 
... etc. The 

max imum 11umber of product terms is 96 and the product may 
appear in any of the 8 output functions, either inverted or non
inverted. 

time was of essence. ~ 

By this time, automated mask-generation tech
niques and better production procedures had re
duced ROM turn-around times from the usual 10 to 
12 weeks down to 5 to 6 weeks - a .great improve
m~nt, but sti 11 too long for impatient designers. Enter 
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the field-programmable ROM or pROM. 
The first pROM was a bipolar fusible-link dev ice, 

only 256 bits in storage capacity, but programmable 
by the customer. Prices were 25 to 30¢/bit and reli
ability was questionable since a high current was 
passed through a nichrome "fuse" that vaporized. 
But the engineer didn't care. He was using it for pro
totype development. The big problem was when he 
made one mistake in programmin g, he had to throw 
away a $50 part. 

High unit costs and limited storage capacities kept 

the market from expanding too fast. Bipolar pro
gramming techniques such as metal migration were 
tried to reduce memory cell size and increase stor
age capacity. It was concluded that for large-capaci
ty pROMs (1024 bits and higher) , nichrome fusible 
links were best for bipolar devices, and trapped
charge floating gates best for MOS devices. 

To summarize, all the engineer wanted was a 
pROM. But as with all IC devices, the number of 
bits/chip, or storage density, and the number of pack
ages so ld were strong factors in reducing unit costs. 

Gene Carter is marketing manager - microc ircuits for Nationa l Semiconductor, Santa Clara, CA. ·Gene was previously employed at Fair
child Semiconductor. He gradu ated from the Milwaukee School of Engineering. 
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The development of a lower-cost mask-programma
ble (at the factory) device in both MOS and bipolar 
technologies became essential to reduce production 
costs on high-volume production runs. 

What was needed were bipolar and MOS pROMs 
that were pin and performance-compatible with 
mask-programmable ROMs. 

A designer could order a few pROMs for field 
evaluations and then implement production orders 

DECODER 

GROUND = +6V 

l vcc = +5V 

,----- -------, 
I i , I 
I t; - ~ 
I := pROM I 6 1--1--1--+--

I 
I 
I 

+6V 

+9V 

+9V 
I 
I 

i I 
1+9V 

0 
UJ 
f
u 
UJ 
_J 

UJ 
(/) 

ENABLE 

ENAB LE 

ENAB LE 

pROM 

L ENABLE _j ----y---- 1, = 40mA 

12 = 20mA 

GROUND 

Fig 2- Board programming of pROMs is accomplished by using a 
decoder to select the appropri ate pROM when it (the decoder) is 
operated at vo ltage levels 6V higher than normal. The decoder 
outputs range from 6V for a logic " O" to 9V fo r a logic " l " . Be
cause the decoder outputs are acti ve-low, the " enable" input of 
the pROM to be programmed is operated at 6V. The other " en
able" inputs reach 9V, normall y a prohibited level. However, in 
this case the circuit was designed to use the 9V to prevent the 
outputs from being programmed. 

with mask-programmable ROMs once the circuit 
design was set, at lower unit costs. 

Today, substantial quantities of pROMs are being 
used to implement random logic, develop bread
boards for micro-programs, make field changes to 
existing equipment and satisfy low-quantity equip
ment run s. lnvehtory costs are reduced by the stock
ing of blank pROMs, rather than 8 or 10 units each 
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of 50 to 100 different ROM patterns. 
lmplementihg random logic is an interesting appli

cation. Any black-box logic function that can be 
written in truth-table form (which includes virtually 
every function , random and sequential) can be im
plemented in a ROM or pROM. Now we have a 
new application for ROMs. 

After the concept was accepted, a major draw
back was encountered ; not enough input variables. 
Normally, the minterms required to perform the ran
dom logic was limited to 50 or 60, but the number 
of inputs to the black box were more than 9 or 10. 

From this evolved another dimension in 
ROM/pROM development-the Programmed Logic 
Array (PLA) as shown in Fig. 1. With 14 input lines 
and 8 output lines, logic functions with less than 96 
minterms, but with greater than 10 input variables, 

Fig. 3- An MOS pROM has the added advantage of being erased 
w ith ultra-violet li ght and reprogrammed. However, it is about 10 
times slower th an a bipolar pRO M . 

can be implemented in a single PLA package. Typi
cally, this one package will replace 20 to 30 SSI and 
MSI discrete logic packages. 

Bipolar pROMs are fast devices, but early ones 
were quesiionable as to reliability. 

Now that necessity has invented the part most de
sired by the engineer, features and benefits become 
the next criteria for product selection. A pROM is 
manufactured with an "all l "s condition in the truth 
table and the customer " blows" the fusible link at 
the appropriate bit locations to provide a logic "O". 
Another drawback arose. Since the array could not 
be tested , how could one guarantee electrical integ
rity of the part? 

The fusible-link characteristics were easy to guar
antee by merely putting a test fuse on the die that is 
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programmed at the vendor's factory . The nichrome 
deposition across a wafer is very uniform, hence 
that's no problem. The problem was to guarantee the 
non-functionality of the pROM due to random de
fects in the silicon, or in the metalization on the die. 
How did the customer know that all the devices he 
ordered wou Id work . . . or 60% of them . . . or 1 0% 
of them? It was simply blind faith and necessity. 

Today, the decoding logic can be exercised to 
insure its functionality and also to allow testing both 
logic " l" and "O" output levels under rated loading 
conditions. One way of doing this is to apply a 9V 
signal to the most significant address pin and verify 
that all outputs go to a logic "O" under the specified 
load conditions. 
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Fig. 4 - MOS pROMs have retention capabilities influenced by 
time and temperature. Thi s retention time is shown as a function 
of temperature for two popular MOS pROMs on the market - Na
tional Semiconductor's MM4203Q/MM5203Q. 

The ability to do this testing has increased the reli
ability of a pROM to the customer by : eliminating 
malfunctioning devices due to random defects in the 
silicon substrate, verifying the ability to program the 
fusible link, and by eliminating field failures due to 
infant mortality through proper testing. All of these 
benefits minimize the field rework necessary and 
reduce the high cost of field servicing. 

Open collector or Tri-State? The choice clearly 
depends on the application's required speed. 

Most applications require 2 to 8k bits of memory, 
and multiple pROM packages are needed to satisfy a 
given function. As a result, two additional benefits 

Tri-State is a registered trademark of National Semi
conductor Corp. 

were needed to facilitate this: board programmabili
ty and Tri-State logic outputs. 

The board programmability aspect adds flexibility 
to the use of pROMs. Previously, it was not possible 
to program pROMs soldered into boards because the 
possibility of a defective part due to testing limita
tions made rework highly probable. It was also not 
possible because "OR" tied outputs prevented the 
application of a program pulse to only one package 
at a time. 

Board programming can be implemented using a 
separate decoder that selects the appropriate pROM 
(Fig. 2). Standard memory cards , unprogrammed, 
can then be inventoried for system manufacture or 
field servicing to improve production-line flow and 
reduce field-service turn-around time. 

Open-collector outputs allow " OR"ing of multiple 
pROM packages, but require the use of an external 
resistor. But the speed of a system is a function of the 
external resistance and the amount of capacitance 
associated with the output line, and thi s tends to 
slow down system speed. Most recent processor 

TABLE I - OPEN-COLLECTOR VS TRI-STATE 

Parameter Open-Collector Tri-State 

Memory access time 50nsec 50nsec 

Memory to ALU bus 150nsec 18nsec 
Delay 

ALU delay 36nsec 36nsec 

ALU to memory delay 1 Onsec 1 Onsec 

Memory write time 30nsec 30nsec 

Total time 276nsec 144nsec 

applications make use of data bussing by using a 
common bus system structure. Since pROMs with 
Tri -State logic outputs allow a common bus system 
structure, improved system speed without external 
components can result. 

This is important since pROMs used in CPUs re
quire the maximum obtainable speed. Tri-State logic 
output has a dynamic current capability of 40 mA to 
charge the line capacitance in addition to its static 
current capability of 16 mA. Also, the third state is a 
high-impedance state that looks like a current load 
of no more than 40 µ,A. An example comparison of 
speed improvement for open-collector vs Tri-State 
logic is shown in Table 1 using an add cycle. 

MOS pROMs fill a similar but different function 
from bipolar ones. 

The speed of an MOS pROM is a factor of 10 
slower than the bipolar pROM, so it is most useful in 
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Fig 5- The price/bit for both bipolar and MOS pROMs has come down to less than 1 ¢/bit and continues to go down . MOS pROMs should 
cost about 0 .3¢/bit compared to 0.6¢/bit for bipo lar pROMs, by 1975, closely approaching the pri ce/bit of ROMs. 

systems with a man-machine interface. In addition to 
being programmable, it has the added feature of 
being erasable (see Fig. 3) and reprogrammable. 
MOS pROMS are packaged with a quartz lid so that 
the memory chip can be exposed to ultra-violet 
light, which releases the trapped charge that is 
stored in the chip. The memory is then returned to 
an all " 1 "s condition . It can then be reprogrammed 
with the correct information. 

From an economic standpoint, the erasable MOS 
pROM has the advantage over a non-erasable bipo
lar pROM. If one programs a $30 fusible-link bipolar 
pROM improperly, it must be discarded and another 
$30 pROM purchased. 

On the other hand, for a $50 erasable MOS 
pROM, the cost is $25/function at the first mistake, 
and $16.67 at the second mistake. And it can, be 
reprogrammed 4 or 5 times without causing degra
dation in device characteristics. 

The retention capability of the MOS pROM is 
important si nce it utilizes a trapped-charge phe
nomena whose retentivity is a function of time and 
temperature, For example, Nation al's MM4203Q/
MM5203Q MOS pROM has a guaranteed lifetime 
at any given temperature (graph of retentivity vs 
temperature shown in Fig. 4) of 5 years at + 70°C. 
However, in a use environment, the temperature will 
vary somewhat over the years. By summing the 
amount of time (Y,) at a given temperature and di 
viding each by the lifetime at that temperature (Lx), 
a true lifetime can be determined as shown below. 

I = + 125°(' 

y 
True lifetime = 2: - 1 

Lt 
I = - 55°C 

RO 

where 

. etc. 

. etc. ' 

and 

Ya = per cent of lifetime at a given constant temper
ature 

I" = l ifet ime in years at a given constant tempera
ture 

The use of these equat ions can estab li sh a more 
rea listi c picture of a pROM lifeti me. If the pROM is 
reprogrammed at any time during the li fet ime, the 
full useful life is re-established and a new li fet ime 
calculation can be made. 

The MOS pROM also has all of the features of the 
bipolar pROM : pin compatibility with a mask-pro
grammable ROM, Tri -State outputs, in-process test
ing capabi lity and a method of board programming. 

As in the past, requirements for ROMs and 
pROMs will continue to push the state-of-the-art in 
c ircuit design and technology. Lower-power pROMs 
will appear in the next 12 to 18 month s. Bigger bi
polar pROMs are already coming out. It seems that 
field-programmable PLAs have to be the next logical 
step. Speed improvements through ci rcuit design 
and new processing will enhance pROM features as 
well. 

CMOS logic famili es are also coming into their 
own. Some are pin and voltage compatible with the 
54/74 bipolar IC family. This makes programmable 
PLAs or pROMs a logical step in future products. D 
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Crystalonics 
hasa4-ohmFET 
with a 1-volt threshold 
for $3.69?* 
That's almost right. 
The best doesn't cost 
~ny more anymore. 

Our 2N5066 has a 4-ohm typical (8-ohm maximum) 
Ro1-1. We have to admit, it does have an offset voltage, but 
it's only 300 microvolts typical (1 millivolt maximum). 
The off-current is still 1 nano-amp maximum, and it takes 
less than 1 volt to turn it on. The device does draw some 
current in the on state (less than 1 milliamp), but that's 
OK in most cases, because the signal source impedance 
is usually less than 1 ohm. 

If you're getting suspicious, you're right. We lied ... 
it's an NPN transistor, not a FET ... but everything 
else we've said about it is the truth. Besides, do you 
really care? 

If you're not miffed and are still interested, we have a 
"P-channel" equivalent (the 2N3677) at an even lower 
price. Both really warrant your investigation if you are 
designing analog switching circuits. We'll send you one 
of each to try if you'll drop us a note. If more data would 
help, circle the reader service number. 

P.S. We also make the real McCoy. 
*100-piece price 

~-.TELEDYNE 

CRYSTALONICS 
147 Sherman St. • Cambridge, Mass. 02140 • TEL : 617-491-1670 
1800 N . Highland Ave. • Sui te 616 • H ollywoorl , Ca li f. 90028 • TEL : 213-469-5871 

CHECK NO. 51 



The Irish invented 
incentive travel. We're 
carryi~ 0!1. the great 

had1t1on. 

Ne are Cahners Travel Group-a 
)ivision of Cahners Publishing, pub
ishers of this magazine and 28 
)ther leading business journals. 

We're one of the largest travel 
.)rganizations in the country, with 
>ome 30 off ices in the U.S . and 
Canada . 

Cahners Publishing specializes 
n business information, Cahners 
r ravel specializes in business travel. 
n particular, in incentive travel pro
jrams for small, medium and large 

businesses. 
(J We handle these programs 

from inception, working out the de
tails of the incentive system, its im
plementation, the travel plan, the 
trip itself (we go right along to 
make sure things go smoothly )-all 
the way to follow-up programs that 
set the stage for your next year's 
sales goals. 

We do all this a little better be
cause we know business and we 
know travel . 

CHECK NO. 85 
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The important thing is making 
certain the award winners get to 
the end of their rainbow-Paris, 
Rome, Spain, the Caribbean, Ha
waii, wherever it is-and have a 
whale of a time while there. 

When you call us we can't prom
ise that a leprechaun will answer
but a Cahners business travel ex
pert will . 

CAHNERS TRAVEL 
a division of lij1Cahners Publishing 
205 E.42 St.,IUI N.Y.,N .Y.10017 (212) 679-2100 



This Ladybug® 
sits and switches, 

,.;;:9' 
~: . 

Some ladybugs just sit and munch. 

passively, with complete input-output 
isolation. Try one - free.* 

If our newest and lowest cost optical coupler up there 
reminds you more of a mean praying mantis than a friendly 
member of the order Coleoptera, take heart: Sigma Lady
bugs combine enough economic and performance virtues 
to more than outweigh their somewhat lumpy appearance. 

Such as: 
Inputs AC or DC-2 to 150 V-with infinite isolation ... 
Outputs AC or DC-up to 250 V (we 've made still higher) 
50¢ price tag in production quantities (for single input 
or single output) ... 
Passive input and passive output . .. 
Wide choice of lamp-photoresistor switching combina
tions. 

Ladybug optical couplers contain one or more light 
sources, either incandescent, neon or LED, intimately 
situated with one or more Sigma-manufactured photo
conductive cells. Input (control) current to the light causes 
smooth, rapid reduction of cell resistance from the order of 
107 to 500 ohms. No feedback , no bounce, no noise gen
eration, no upset of audio, data processing or RC oscilla-

tor tuning circuits. In addition to one-light one-photo
resistor types, Ladybugs can also be supplied with one 
light controlling several outputs, or multiple lights each 
capable of controlling one photoresistor. They offer ele
gant simplicity for controll ing SCR's, Triacs and such 
from low level IC circuits-with absolute isolation. Some 
combinations are particularly well-suited for firi ng di 
rectly from logic level signals and thus interface neatly 
with conventional TTL IC's. 

To see for yourself, check the bingo card. We'll send 
you free of charge a 6V incandescent Ladybug* capable 
of turn-on to IOK in 80 msec max., turn-off to IOOK in 
500 msec max. Thus we would hope to sufficiently in
trigue you to call or write Jim Seppala to discuss your 
needs and our recommendations. Contact Sigma Instru
ments , Inc., 170 Pearl St., SIGM A 
Braintree, Mass. 02185. /__). 
Tel. (617) 843-5000. INSTRUMENTS INC 

tKl~L-----!5~---+.,0------C15 
MILLISECONDS 

20 40 
MILLISECONDS 

60 
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We knew a lot of you would want 
this new 1/4-inch GaAsLITE display 
the minute we announced it. So we 
waited until our distributors had 
good stocks for your TV channe l 
indicators, calculators, P.O.S. 
terminals, credit verifiers, DVM's 
and the rest. 

They're there. Go get 'em . 

Performance? You gotta see it to 
believe it. Bright. Clean . And the 
only word for the price is cheap! 

Details? Common anode 
construction. Faster switching 
(there's less material to switch). 

When it's OFF, 
it's outa sight! It's specifically adapted for 

MUXing , in case you ' re among the 
leaders in pulse actuation. 

And it already has green and 
yellow display-mates, our MANS 
and MANS, that have the same 
pretty faces. 

Get the data sheet from us or call 
your Monsanto rep. 

Monsanto Commercial 
Products Co. 
Electronic Special Products 
10131 Bubb Road 
Cupertino, California 95014 
(408) 257-2140 

•Distributed by: Alta Electronics, El mar Electron ics, Hammond Electronics, Kierulff Electronics, Kierulff /Schley, Liberty Electronics, 
Schweber Elect ronics. Semiconductor Specialists, Wesco Electronics, Western Radio; Canada: Canadian Dynamics, Ltd., 

Cesco Elect ronics, Ltd. 

Monsanto 
CHECK NO. 53 
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DESIGN AWARDS 

C~ocked square-wave generator uses CMOS 

1/3 MC 14025 

OUTPUT 

Q, Q2 Q
3 

Q
4 r----- ------------ ----- -------, 

D 

1/4 MC 14507 

c 
CLOCK 

R 

1 1/ 2MC1 401 5 
I 
I 
I 
I 

~ ~----- -------------------------- _ _J 

Fig. 1-A 15-state pseudorandom seq uence genl!rator using the required number of flip -flops from a CMOS shift register is 
decoded to provide a 1/15 output pulse . 

Earl Carlow 
Motorola, Inc., Phoenix, AZ 

A shift register (1/2 of the MC14015) is the heart of 
this square-wave generator. Using additional 
logic provides an output of differing duty cycles. 
The basic circuit, shown in Fig. 1, provides a duty 
cycle of 1/15. 

TABLE I - STATE SEQUENCE FOR A 1/ 15 DUTY CYCLE 

State Q, Q2 Q3 Q• D Output 

1 1 0 0 0 0 0 
2 0 1 0 0 0 0 
3 0 0 1 0 1 0 
4 1 0 0 1 1 0 
5 1 1 0 0 0 0 
6 0 1 1 0 1 0 
7 1 0 1 1 0 0 
8 0 1 0 1 1 0 
9 1 0 1 0 1 0 

10 1 1 0 1 1 0 
11 1 1 1 0 1 0 
12 1 1 1 1 0 0 
13 0 1 1 1 0 0 
14 0 0 1 1 0 0 
15 0 0 0 1 1 1 (Decode) 

1 1 0 0 0 0 0 

The shift counter, a shift register with feedback , 
uses part of 2 ICs (1/2 MC14015and1/4 MC14507). 
This counter is incremented with an input clock 
pulse, and the register package reset input, R, is 
tied to gsround. The count cycle of this counter 
has a maximum length of 2n -1 states. With 4 
flip-flops (n=4) the cycle, or the full square wave , 
is 15 counts long. The count state sequence for 

TABLE II - STATE SEQUENCE FOR A 50/ 50 DUTY CYCLE 

State Q, Q2 Q3 Q• D Output 

1 1 0 0 0 0 0 
2 0 1 0 0 0 0 
3 0 0 1 0 1 0 
4 1 0 0 1 1 0 
5 1 1 0 0 0 0 
6 0 1 1 0 1 0 
7 1 0 1 1 0 0 
8 0 1 0 1 1 1 
9 1 0 1 0 1 1 

10 1 1 0 1 1 1 
11 1 1 1 0 1 1 
12 1 1 1 1 0 1 
13 0 1 1 1 0 1 
14 0 0 1 1 0 1 
15 0 0 0 1 1 1/0 

1 1 0 0 0 0 0 
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At Statham 
we·ve tamed 
the component 
test fixture! 

It's a thrilling three-ring act! Components, test 
fixture, test chamber - all working together smooth· 
ly . Because ... at Statham we've tamed the test 
fixture! Made it behave - cooperate - do just about 
anything we ask. 

We make test fixtures that cooperate fully with 
our Statham SD Series Temperature Test Chambers. 

Standard off-the-shelf fixtures test a broad range 
of electronic components, including DI Ps, TT Ls, 
T05-T018, and other multilead devices with front· 
panel switches for individual readout. 

The operating range of our standard test fixtures is 
-65°C to + 150°c. Extended ranges are available to 
+3oo0 c. 

All Statham test fixtures feature high unit capac· 
ity, quick loading, ease of accessibility - and are 
designed to ensure low electrical leakage rates and 
low thermal gradients. 

Do you have unusual design needs? We will make 
test fixtures to meet your specifications. 

It doesn't matter how tough or complicated your 
requirements are. Statham will make the test fixture 
you need. 

For additional information, write or call today. 
Statham Instruments, Inc., Industrial Division, 2230 
Statham Blvd., Oxnard, California 93030. (805) 
487-8511. 

stay with 
Statham 8 

CHECK NO. 28 
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new! Bodine's high-output 42R 
fhp AC motors/gearmotors 

• New cool, new quiet and greater output capabilities, 
in a NEMA 42 frame configuration. 
• Ratings of higher hp 42R 
motors are comparable to many 
NEMA 48 frame motors. 
•Available 
1 /20 through 
1/4 hp. 
In all AC 
winding 
types, 
including 
specials. 

Get the facts 
• about this new 

TEFC induction 
motor line. Write 
for bulletin ... 

l:818Hifii 
ijijiUiii 
+a.@•#·VM 

Bodine Electric Co., 25 West Bradley Pl., Chicago, Ill. 6061 8 
CHECK NO. 46 

Evaluation kits @ $25 in stock. 
Standard parts on 2 weeks delivery, or less! 
Custom parts 4 to 6 weeks delivery! 

MINI/BUS The low-cost. noise attenuating, 
high p~cka gi ng density, power dist ribution system for 
PC boa rds. Ask fo r data. 

Rogers Corporation / Chandler, Arizona 85224 
West: (602) 963-4584 East: (203) 774-9605 

CHECK NO . 84 
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1/ 2 MC14002 

02 
o, 

02 OUTPUT 
03 o,D-

=}o 
CLOCK r--------, 

02 I I 
03 

I 2 
1/ 3 MC 14025 I o, 

03 02 

I 1/ 2 MC 14002 
o. I 

I I L_ _______ _J 

1/2 MC 14001 

Fig. 2-Square wave logic, to the right ,.ca n be used in place of the 3-input NOR decoder in Fig. 1 to provide a 50% duty cycle 
output. 

this counter is shown in Table I which provides a 
1/15 duty cycle square-wave output. 

Since the shift regi ster counter is synchronou s, 
all of the outputs change synchronou sly. Thi s 
means "glitch-less" cedocing of the signal at the 
output . 

If a 50% duty cycle output square wave is 
desired for the odd number of states (15/2 = 7.5 
states), the output logic can be changed . For 
example, thi s can be done as shown in Fig. 2 by 
replacing the 3-input NOR gate on the output of 
the basic circuit with 2 other logic ICs and 
utilizing the input clock logic ICs. After thi s 
change the circuit operates as a 50% (7 .5/7.5) duty 

FET probe drives 500 load 

10M 

M.J. Salvati 
Sony Corp . of America , 

Long Island City , NY 

1N4149 

0.01 
2N5246 

100 

100k 

"' 5,. 1 k 

1N4149 

0.01 

cycle square-wave generator. The sequence 
states for thi s 50% duty cycle circuit as shown in 
Table II . If a different duty cycle output is desired, 
a different decode can be se lected in place of 
state 15. 

Thi s circuit , then , converts a clock input to any 
length/duty-cycle square wave desired for your 
application . A similar circuit technique can be 
implemented using any other odd-state synchro
no us counter. o 

To Vote For This Circuit 
Check 150 

This impedance converter probe was originally 
designed to drive the son input of a spectrum 
analyzer but has since been used with ac voltme
ters , video amplifiers, frequency counters and 

43 

RG -58U 

VG= 0.93X OPEN CKT 
0.5X I NT. 5051 

r~--------
MAX OUT= 9 VP-P OPEN CKT 

2 VP-P I NT . 5051 

l 
- 6V 
35mA 

Impedance converter exhibits 10 MD input and 50 n output with a voltage gain of precisely 0.5. It was designed to drive 
test equipment. 
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Cahners Books 
89 Franklin Street, Boston, Mass. 02110 

Gentlemen: 

Please send me __ copies of NOMOGRAPHS FOR ELECTRONICS 
@ $27.50 ea. I understand that if I am not completely satisfied, I may 
return the books within 15 days for a complete re fund or credit. 

O Bill me O Bill company O Payment enclosed (Cahners pays postage) 

Company _____________________ _ 

Address ______________________ _ 
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(Massachusetts residents add 3% sales tax.) 
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other devices which cannot use an ordinary scope 
probe to minimize loading. 

As shown , the probe has an input impedance of 
10 MO shunted by 8 pF. Eliminating the protective 
diodes reduces this to about 4 pF. The frequency 
response of the probe extends from de to 20 MHz 
(- 1 dB), although higher frequency operation is 
possible through optimized construction and use 
of a UHF-type tran sistor . 

Zero de offset at the output is achieved by 
selecting a combination of a 2N5246 and source 
resistor that yield s a gate-source bias equal to the 
Vbe of the 2N3704 (approximately 0.6V) . 

At medium frequencies, the probe can be used 
unterminated for near-unity gain , although for 

optimum high-frequency response, the cable 
must be te rminated into 500 . If a 750 system is 
desired , use a 620 output resisto r and Be lden 
8218 cable. In ei ther case , the vo ltage gain w hen 
properly termi_nated is prec isely O.SX. 

By using miniature parts and careful con struc
tion , th is circuit can be neatly and co nveniently 
packaged in an alumi num cigar tube. The input 
end of the probe is fi tted wi th a 6-32 threaded 
stud , so Tektronix probe tip accessori es can be 
used . o 

To Vote for This Circuit 
Check 151 

Diodes provide switching and isolation 
for absquare circuit 

William R. McWhirter, Jr. 
Naval Ship Research and Development 

Center, Annapolis , MD 

The absolute-value-squaring (absquare) circuit 
provides the designer with a peculiar and useful 
nonlinear function . The circuit voltage-transfer 
characteristic is Vout = + V;0 /V;0 /10. Using a few 
diodes, resistors, an op amp and a general 
purpose multiplier, a circuit designer can closely 
approximate a fairly complex function which has 
been available only on the more modern analog 
and hybrid computers . The outstanding feature of 
thi s circuit is that it uses common , inexpensive 
components comprising a relatively simple circu it 

VOLTAG E - TRAN FER CHARACTERI ST ICS 

with the tradeoff be in g the loss of computer- leve l 
accuracy. 

In circui t operation, d iodes D 1 and D2 act as 
switches to assure that on ly absolu te values of 
V;0 ,/V;0 / , are seen at the X termi nal of the 
multiplier. O p amp A 1 acts as the inverter fo r 
negative V;11 values . The amplifier input and 
feedback resistors should be , at least, good 
commercia l grade types . The Y terminal is permit
ted to see the actual va lue of V;11 ; so that the 
appropriate po larity wi ll be observed at the 
output o f mul ti pl ie r/div ider module. Diode D3 , 

along with D 1 and D2 , provides ci rcu it 
isolation so that improper signa ls can not stray 
back to the input signal source , V;11 , while main-

D
1 

1N4 148 (T YP) 

HYBR ID SYSTEMS CORP. MODE L 1070 
TRANSCONDUCTANCE TYPE ANALOG 
MULTIP LI ER / DIVIDER MODULE 

D, 

+15V 
GND 9+-----, 

- 15V .>-e..._.,.._. ___ .. x OUT 

BAL 

- 15V de 

20k 

.--;-ey 

NULL/GA IN 
z 

+15V de ! 

20kl 

Absquare circuit provides valuable simulation of mechanical sys tem responses wit h approximately 2% accuracy. 
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TIME 
SHARE 

YOUR TEST 
EQUIPMENT 

WITH 

contacts, for 
high reliability. 

For information, write 
or phone T-Bar , refer 
to distributor catalog 

..------=-.SWllChinu 
T·Bar comp~~,tru! 

INCORPORATED 
SWITCHING TECHNOLOGY 

141 Danbury Road / Wilton, CT 06897 
telephone: 203 / 762-8351 

CHECK NO. 56 
4621 
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only 
from 
Vero 

D SERIES VEROCASE 
NEW modern, low profile instrument cases in 
ALL STANDARD PANEL HEIGHTS from 1%" to 
lOlh". Cases are 121//' .and 17" deep and only 
%" higher than standard panels. They feature 
removable louvered bottom and rear panels, tilt
up feet and have a textured vinyl finish. Half 
cases are also available. 

Vero Electronlcs Inc. 
171 Bridge Road, Hauppauge, N.Y. 11787 
Tel.: 516-234-0400 • TWX510·227-8890 

CHECK NO. 58 
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taining desired transfer characteristic integrity. 
The Hybrid Systems Corp. multiplier/divider 

module (Model 107C) was chosen because its 
output characteristic is +XY/10. However, any 
type multiplier/divider circuit may be selected as 
long as the proper (and desired) output polarity is 
observed. 

As was stated previously, this circuit can easily 
be applied if analog and hybrid computer accura
cy is not necessary. However, if external "null/ 
gain " and " balance" trimmer potentiometers are 
used, then ± 2% full scale, 4-quadrant accuracy 
can be achieved . Adjusting these trimmers can 
help to compensate for the distortion in the 
voltage-t ransfer characteristic caused by the di-

odes forward-voltage drop. 
The absquare circuit is particularly useful in 

simulation and control circuits for continuous , 
real-time, mechanical systems. One of its more 
common applications is simulating hydraulic 
servo valve multiple-flow-gain; as the circuit 
transfer characteristic closely approximates the 
nonlinear relationship that can exist between 
servo valve main-stage spool displacement and 
valve main-stage output flow. The circuit can 
provide convenient intentionally nonlinear con
trol for linear-type systems. o 

To Vote For This Circuit 
Check 152 

Use opto-isolation in your next video amp 
.-----------"--------------~ 

Dave Weigand 
Gulf & Western Research, Swartmore, PA 

Often a low-frequency (AGC) gain control or 
multiplier function is required in a video am
plifier . The standard technique is a JFET/resistor 
voltage-divider circuit similar to the one shown in 
Fig. 1. Th is works fine for low-level video inputs 
up to 100 mV or so, but not for high dynamic 
range video inputs of up to 10V. The FET 
resistance becomes a function of the input signal 
voltage level, as well as the AGC gate voltage. 

The circuit in Fig. 2 (Hark, the old Raysistor) 
replaces the JFET with a photocell/LED combina
tion. Due to the linear resistance of the photocell , 

VIDEO +e, R, 
INPUT u-~rvv~----v....'V--H 

(0-10MHz) 
OUTPUT 

AGC - VAGC 
INPUT 
0·100Hz 

e, INPUT 
VOLTAGE 

Fig. 1-Conventional JFET-AGC circuit is susceptible to 
variations of Ros for the FET ca used by the applied drain -to
source (s ignal) voltage. 

VIDEO u+e_, --...JV'll'--.,._-VVV'--41.__ •. INPUT 
OUTPUT 

AGC - VAGC 

INPUT 
0-100Hz 

LED 

CL604L ':" 
CLAIR EX 

PHOTOCELL 

OUTPUT 

':' ~.~~~~ AGC = - 5V 

L_10V 

INPUT 
VO LTAGE 

Fig. 2-An LED, used within its linear range ot light output vs 
current input, and a photocell eliminate the interaction of 
input signal and AGC voltage. 

the video amplifier gain is not effected by input 
signal dynamic voltage swing, or by frequencies 
to 20 MHz. Only direct AGC input-voltage 
controls the amplifier gain. o 

To Vote For This Circuit 
Check 153 

Readers have voted: 
George Smith winner of the September 1st 
Savings Bond Award. His winning circuit is 
" Novel clock circuit provides multiplexed 
display". Mr. Smith is with Litronix , Inc. , 
Cupertino, CA. 
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TH I S SP ACE CONTR IBUTED BY THE PUBLI SHE R AS A PUBLIC SERVICE 

We're telling 
44 million prisoners 
in the unned states 

how to escape. 

,,,,~~~ 

For a free booklet on how to stop smoking, I 
call or write your local un it of the American Cancer Society* 
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Fors395 
how manyfunctions should 

a Function Generator generate? 

--=----=---- ---- --•••••••••• 
=·-==-·=···· ·==-·=·=··= !11!1!11!1 

Fifteen. That's the number of waveforms you can get with Krohn-Hite's 
Model 5100A. How? A unique Symmetry Control that allows pulse rep rate to 
be set independently of pulse width and also provides independently 
adjustable triangle slopes. You can skew any of the basic sine, square, 
triarigle and ramp waveforms by as much as 99% to produce 10 additional 
functions. Frequency range of 0.002 Hz to 3 MHz can be manually tuned or 
externally controlled for VC of 1000:1 . When you compare the 5100A with 
the rest, there's quite a generation gap. For fast action, call The Wavemakers 
at (617) 491-3211 , TWX 710-320-6583 Krohn-Hite Corporation, 580 Mass. 
Ave., Cambridge, Mass. 02139. 

l..FL.IKROH N-HITE 
~CORPORATION 

SALES OFFICES: ALA., Huntsville (205) 534-9771; CAL., Santa Clara (408) 243-2891, Inglewood (213) 674-6850; COLO., Littleton (303) 79~0250 ; CONN., Glastonbury (203) 633-0777 ; 
FLA., Orlando (305) 894-4401 ; HAWAII , Honolulu (808) 941-1574; ILL., Des Plaines (312) 298-3600; IND., Indianapolis (317) 244-2456; MASS., Lexington (617) 861-8620; MICH., Detroit 
(313) 52&-8800; MINN., Minneapol is (612) 884-4336; MO., St. Louis (314) 423-1234; N.C., Burlington· (919) 227-2581; N.J ., Bordertown (609) 298-6700; N.M., Albuquerque (505) 
25~2440 ; N.Y., E. Syracuse (315) 437-6666, Rochester (716) 328-2230, Wappingers Falls (914) 297-7777, Vestal (607) 78~9947 , Elmont (516) 488-2100; OHIO, Cleveland (216) 
261-5440, Dayton (513) 42&-5551 ; PA. , Pittsburgh (412) 371-9449; TEX., Houston (713) 468-3877, Dallas (214) 35&-3704; VA., Springfield (703) 321-8630; WASH., Seattle (206) 762-2310 ; 
CANADA, Montreal, Quebec (514) 63&-4411 , Toronto, Ontario (416) 444-9111 , Stittsville, Ontario (613) 836-4411 , Vancouver, British Columbia (604) 688-2619. 

CHECK NO. 59 



PROGRESS IN PRODUCTS 

Rms-to-dc converter module rivals 
bench instrument performance 
PROGRESS IN 
CIRCUIT MODULES 

If you need an accurate measure
ment of ac signals, you probably 
need rms measurement. Although 
average-responding voltmeters gen
erally have ac ranges that are 
calibrated in rms volts, those mea
surements are valid only for undis
torted sine waves. Therefore, mea
surement of the value of SCR 
waveforms, pulse trains, triangle 
waves or sine waves with harmon
ic distortion taken on an average
responding instrument could be 
grossly in error. 

Within the past year and a half, 
several manufacturers have come 
out with converters based on op
erational circuitry, whereas the 
traditional approach is based on 
some type of thermal sensor. 

How rms-dc converters work 
The true rms value of a voltage 

is defined as: 

Y, 1118 = ~+ r (Y;,,)2 dt 
0 

In most rms measurements we are 
interested in a continuous reading 
of rms level, so we make the time 
interval T very long. The average 
value of (Y;,l is obtained by low
pass filtering. This provides a 
"running average" and is there
fore a continuous measure of the 
rms level. 

The time constant of the low
pass filter must be large relative to 
the lowest frequency of interest for 
proper averaging. The squaring 

94 

Fig. 1 - 0perational rms-to-dc converter module combines low-pass filtering and non
linear operat ional circuitry to accurately measure rms voltage. 

and division operations are ac
complished through nonlinear 
operational circuitry. 

One of the newest entries in thi s 
field of operational converters is a 
circuit 1n a module package from 
Function Modules, Inc. (Fig. 1) 

that is claimed to rival bench in
strument performance. Designed 
for OEM use in test instruments or 
for incorporation into special in
strumentation systems, the Model 
592 has an accuracy of ±0.1 % of 
input ±0.03 % of full scale (full 
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8mV 

6mV 

ERROR 

4mV 

2mV 

100Hz lkHz lOkHz 

FREQUENCY 

lOOkHz lMHz 

Fig. 2- 0utput error varies as shown with changes in input freq uency for a 1 V rms input 
signal. 

scale = 1 V rms) over an input 
range of 10 mV to 1 V rms and 
a frequency range of 50 Hz to 10 
kHz. 

As shown in Fig. 2, error in
creases as frequency goes up, but 
at 100 kHz, the accuracy is still 
claimed to be ±0.5% of input 
±0.5% of full scale. Crest-factor 
spec is 7 at full scale. Fig. 3 shows 
a typical curve of error vs. crest 
factor for a pulse train using the 

ac +4V 

Model 592. 
Other pertinent specs for the 

converter are : 2.5-kO input and 
10 output impedance, power 
supply requirements of ± 14V to 
± 16V and a quiescent drain of 
± 10 mA. The module measures 2 
in . square by 0.40 in . high. Cost is 
$115 in si ngle quantity. 

Function Modules, Inc., 244 1 
Campus Dr., Irvine, CA 92664 . 
Phone(7 74 )833-83 74. 280 

20 
COUPL~D n n 

::=:J L....----1 ~ 18 

16 

14 

12 

ERROR · mV 

10 

8 

6 

4 

2 

CR EST FACTOR 

DUTY CYCLE 

j t.l j DUTY 
~ CYCLE 

T = 10msec 

2 3 

25% 

4 

6.25% 

t, 100% 
T 

6 

2.8% 

Fig. 3 - Crest-factor capability is demonstrated for a pul se train . O utput error for a 3% 
duty cyc le is about 2%. 

hot 
stuff 

or cold, CHR's family of TEMP
R-TAPE of Kapton provides out
standing endurance. They retain 
their excellent mechanical and 
electrical properties over a wide 
temperature range, -100 to 
+sooF. 

Available in thicknesses from 
.001" to .0045" with a choice of 
several adhesive systems includ
ing adhesive two sides. 

Find your CHR distributor in 
the Yellow Pages under "Tapes, 
Industrial" or in industrial direc
tories. Or write for complete 
specification kit and sample. The 
Connecticut Hard Rubber Com
pany, New Haven, Conn. 06509. 

a HITCO company 
CHECK NO. 71 
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SEMICO NDUCTO RS 

HIGH VOLTAGE RECTIFIERS BOAST FAST 
RECOVERY. Three series of 12A types 12FL, 
12FT and 12FV have maximum repetitive 
peak reverse voltage ratings through 1 OOOV 
and feature an improved soft recovery char
acteristic, reducing self generated voltage 
transients. Maximum reverse recovery time 
is 200 nsec for the 1 2 FL series, J50 nsec for 
the 1 2 FT series and 500 nsec for the 1 2 FV 
series. All types have a maximum peak one 
cyc le non-recurrent surge current rating of 
150A. Prices in 1-99 quantities are $15 for 
the 12FL100, $17.25 for the 12FT100 and 
$19.80 for the 12FV100. International Rec
tifier Corp. , Semiconductor Div., 2JJ Kan-
sas St., El Segundo, CA 90245. 
Phone(21 J)678-628 1. 1 70 

CENTER-TAP RECTIFIERS HAVE EXCEL
LE NT RANGE RATINGS. Series 150 VC 
(positive) and 150 VJ (negative) centertaps 
are rated for operation at 15A and series 
JOO WC (positive) and JOO WJ (negative) 
are rated for JOA at a case temperature of 
75°C. The 15A series features a maximum 
peak one-cycle, non-repetiti ve surge cur
rent of 150A, while the JOA series features 
400A surge ratings. Chief applications are in 
battery chargers and computer power sup
plies. Both are packaged in molded circuit 
assemblies, and may be specified for maxi-
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mum repetit ive peak reverse voltage rang
ing from 100 to 1 OOOV. Internationa l Recti
fer Corp., Semiconductor D iv. , El Segundo, 
CA 90245. Phone(21 J)820-2606. 171 

ICs PROVIDE SPEED REGULATION FOR 
SMALL MOTOR. Designated TCA600 and 
TCA610, these linear ~Cs are intended spe
cifica ll y fo r record play.er, tape recorder and 
cassette motors. The TCA600 is sui table for 
battery operated portab le equipment and 
the TCA610 for car battery and line opera
tions. Compared with discrete component 
solutions , the fo llowing advantages are ob
tained: Higher electrica l and mechanical 
re liability; high thermal stabil ity; higher 
current supplied at low temperatures during 
switch-on making motor starting easier. 
Both the TCA600 and TCA610 are mounted 
in TO-J9, J-lead metal cans . Price for either 
in 100-999 qtys. is $2 .00. SGS-ATES Semi

conductor Corr. , 4J5 Newtonvi lle Ave., 
Newtonville, MA 02160. Phone(6 17)969-
1610. 172 

TUNING VARACTORS FEATURE ULTRA 
LOW LEAKAGE. Typical leakage currents 

for this series of diodes is 20 nA at 25°C and 
500 nA at 150°C, making them ideal for 
applications requiring excellent frequency 
or phase stability with temperature varia
tions. This feature is further enhanced by 
capacitance/temperature coefficients as low 
as 200 ppm/ 0 C. Specifications for minimum 
total capacitance tuning ratio range from a 
low of J.5: 1 to as much as 10.0: 1. Three 
reverse voltage breakdown series are avai 1-
able: 45 , 60 or 120V. Minimum Q at -4V 
varies from 1 000 to 2000 in the 45V series; 
from 800 to 1500 in the 60V series; and 
from 450 to 500 in the 120V series. Varian, 
So lid State Div., Salem Rd. , Beverly, MA 
01915. Phone(617)922-6000. 173 

TYPES ULX-2137A and ULX-2137N ARE 
MONOLITHIC ICs for super-heterodyne 
am radio appl ications. Each device contains 
two amplifiers, a mixer-oscillator, an AGC 
detector, and a vo ltage regulator on a single 
silicon chip. These devices are available in 
14-lead plastic DIPs or the 14-lead plastic 
quad in-line package. Other features are 
bui lt-in overvoltage protection and sepa
rately accessible amplifiers. Sprague Elec
tric Co., Semiconductor Div. , 115 Northeast 
Cutoff, Worcester, MA 01606. 
Phone(617)85J-5000. 17 4 

RECTIFIER DIODE SERIES IS RATED AT 
ONE AMP. The devices are designated the 
1 N4001 through 1 N4006. These diodes use 
double-plug construction that affords inte
gral positive contacts by means of a thermal 
compression bond. Moisture-free stabi lity is 
assured through hermetic sealing. The coef
ficients of thermal expansion of the glass 
case and the dumet plugs are closely 
matched to allow extreme temperature ex
cursions. Peak reverse voltage ranges from 
50V for the 1 N4001 , to 800V for the 
1 N4006, with peak surge current capabili
ties up to JOA. Texas Instruments Inc. , In
quiry Answering Service, P.O. Box 5012, 
M /S 84, Dallas, TX 75222. Phone(214)2J8-
J741. 175 

POTTED SILICON BRIDGE ASSEMBLIES 
INTRODUCED. A series of low cost, epoxy 
encapsulated bridges, type SxP, meet a 
wide range of environmental conditions and 
are available in single and three-phase 
bridge rectifier configurations. Single-phase 
units are avai lable at current ratings from JA 
to 1 OA at a case temperature of 55°C. The 
three-phase units are avai I able for current 
ratin gs from J.5A to lOA at 55°C case tem
peratures. The assemblies are designed to 
withstand over load currents to JOOA. Repe
titive voltage ratings are to 1200V. West
code Semiconductors, 282 Belfield Rd. , 
Rexdale 605, Ontario Canada. 176 
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OPTO PRICE RED UCTIONS ARE IMPRES
SIVE. Reductions range up to 48% on two 
phototransistor opto-isolators. The I L-1 , 
with 2500V of isolation and 20% min CTR 
was reduced from $3 .35 to $1. 72 in 100 to 
999 quantities, and the IL-1 2, with 1 OOOV of 
isolation and 2% CTR was reduced from 
$1.55 to $1.3 3 in 100 to 999 quantities. The 
IRL-60, infrared LED, was reduced from 
$1.10 to $.54 in 100 to 999 quantities. Li 
tronix, 19000 Homestead Rd ., Cupertino, 
CA 95014. Phone(408)257-79 10. 177 

COMMERCI AL POWER TRANSISTORS 
ARE LOW PRICED. These are 2N3055-
type transistors designed as an inexpensive 
solution for meeting rugged application 
requirements. These NPN silicon transistors 
designated KD4044 meet or exceed the 
characteristics of similar plastic power de
vices now on the market and are similarly 
priced, although packaged in a hermetically 
sea led stee l T0-3 case. The KD4044 is rated 

for BVn:o > 40V, hn: @ 4.0V/2.0A > 20 
and V,.,,. (sat) @ 2.0A < 1.1 OV. Pricing is 
up to $.30 each in 1000 piece quantities. 
Kertron Inc. , 7516 Central Industria l Dr. , 
Riviera Beach, FL 33404. Phone(305)848-
9606. 178 

DARLI NGTON ARR AYS DRIVE LED O R 
INCAN DESCENT READOUTS. A series of 
hi gh-current arrays consist of seven silicon 
Darlington pairs on a common monolithi c 
substrate. Type ULN-2031 A consists of 14 
NPN transistors connected to form seven 
Darlington pairs with NPN action. Type 
ULN-2032A (h1e = 500 min .) and Type 
ULN-2033A (h1e = 50 min. ) consist of sev
en NPN and seven PNP transistors connect
ed to form seven Darlington pairs with PNP 
action. All devices feature a common emit
ter configuration. These devices are espe
ciall y suited for interfacing between MOS, 
TTL, or DTL outputs and 7-segment LED or 
tungsten filament indicators. Sprague Elec
tric Co., Marshall St., North Ad ams, MA 
01247. Phone(413 )664-4411. 179 

THE ODDBALL 
It 's our 1690 Insulated Feed-Thru with KT 46, etc. 

We make it, along with 65,000 other commercial and 
mi l ita ry variations. Far more than any other manufacturer. 

We supply terminal boards, blocks and strips 
throughout the world and can meet your exact needs too. 

There is no need to compromise. Delivery? 
Allow a few weeks for our good old standards, longer 

for the oddballs. So plan ahead and get the best. 

Ku lka Electric Corp. , 520 South Fulton Avenue, Mount Vernon , New York 10551 
CHECK NO. 60 



WHO MAKES 
THE WIDEST 

SELECTION OF 
PRECISION 

WIRE· WOUND 
RESISTORS AND 

RESISTIVE 
NETWORKS 

IN THE ELECTRONIC 
INDUSTRY TODAY? 

ULTRONIX. 
~ - ~ 4 

~ .. # M 7 • ~ r 

w • 

>4 " ,.,. , ., ,... ' 

ULTRONIX PROVIDES: 
• The widest selection of re-

sistors available. 
• Total product reliab ility. 
• Competitive prices. 
• Fast del ivery. 
• Immediate service through 

nation-wide representat ives. 
• New li ne of power resistors 

now available. 

Wr ite or call today for complete 
information . 

U LTRONIXli
1
N c . 
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TECHNOLOGICAL LEADERSHIP IN 
PASSIVE COMPONENTS 

461 North 22nd St,, Dept. EDN 
Grand Junction, Colo. 81 501 

(303) 242-0810 

CHECK NO. 61 

SEMICO NDUCTORS 

PLANAR EPITAXIAL TRANSISTORS FOR 
MICROWAVE APPLICATION S. The RMT 
1605 and RMT 2501 are primarily for Class 
A, B, and C, VHF, UFH and microwave 
amplifi er or oscillator applications. The 
RMT 1605 offers SW output with 6 dB gain 
at 1 GHz while the RMT 2S01 is rated at 
1W output with S dB gain at 2 GHz. Both 
transistors are particularly suitable for use in 
microwave com municat ions links, ECM, 
phased-array radar, and L-band telemetry. 
They are ava il ab le in hermetica ll y sea led 
str ipline stud packages featuring low induc
tance leads, which are particularly useful in 
high frequency ci rcuits as well as in lumped 
constant c ircuits. In 1-99 quantitiies, the 
RMT 160S is pri ced at $44 each; the RMT 
2501 at $48 each. Raytheon Co., Specia l 
Microwave Devices Operation , Wayside 
Ave., Burlington , MA 01803. Phone(6 17)-

862-6600. 180 

FIVE MORE 54C/74C PARTS ADDED TO 
CMOS LINE. Each S4/74C part ca n drive 2 
low-power TTL loads. Power dissipation is 
typically 10 nW per gate. The latest devices 
added to the line are the 74C42N BCD-to
decimal decoder, 74C9SN 4-bit parallel 
shift regi ster, 74C1 S1 N 8-b it multiplexer, 
74C173 quad latch w ith 3-state outputs and 
the 74C900 quad bi lateral switch. National 
Semiconductor Corp., 2900 Semiconductor 
Dr. , Santa Clara, CA 9SOS 1. Phone(408) 
732-SOOO. 

GLASS HIGH VOLTAGE RECTIFIERS EX
CEED SPECS. These metallurgica l ly bond
ed. hi gh voltage rect ifiers in a near mono-
1 ithic glass package give high reliabil ity with 
low reverse leakage and ex treme tempera
ture stability. The 10,000 PIV high-power 
rectifiers and the 800 PIV fast-recovery rec
tifiers, typically exhibi t less than SO nA re
verse current at PIV . The dev ices exceed all 
military and aerospace requirements, in
c luding MIL-S-19SOO. M icrosemiconductor 
Corp., 2830 S. Fairview St. , Santa Ana, CA 
92704. Phone(7 14)979-8220. 181 

TTL M ULTIPLEXERS USE SCHOTTKY 
TECHNOLOGY. The 8- input digital multi 
plexer is the logica l equivalent of a si ngle
po le. 8-posi tion switch whose position is 
specified by a 3-bit input address . The 
82S30 incorporates an INHIBIT input 
which , when low, allows the 1 of 8 inputs 
se lected by the address to appear on the f 
output and, in complement, on the f output. 
The 82S3 1 is a va ri ation of the 3 1 that pro
vides open collector output f for expansion 
of input terms. The 82S32 is simil ar except 
in the effect of the INHIBIT input on the f 
output. With the INHIBIT input high, both 
the f and the f output are uncond itiona ll y 
low. Letterhead inquiri es only. Signetics, 
81 1 E. Arques Ave. , Su nnyvale, CA 94086. 
Phone(408)739-7700. 

MOS/RAMS RATED AT FU LL TEMP. 
RANG E. This is the first time that des igners 
of military memory systems have such parts 
ava ilable. The 2S6-bit static memory, ca lled 
the MM42SO, is a pin-for-pin equivalent of 
the 1101 , except that the MM42SO will op
erate over the - SS to + 12S°F temp. range. 
The 1024-bi t memory, called the MM4260, 
is a fully decoded dynamic RAM organized 
as 1 K x 1 bit. It is a pin-for-pin equiva lent 
of the MMS260 (except for the temperature 
spec), and employs P-channel sili con gates 
to achieve bipo lar compatibility on all 1/0 
lines except the precharge and read/write 
lines. In quantities of 100, the MM42 SO is 
priced at $28.80, and the MM4260 is priced 
at $30.80. Letterhead inquiries on ly. Na
tional Semiconductor Corp., 2900 Semi
conductor Dr. , Santa Clara, CA 9SOS 1. 
Phone(408)732-SOOO. 

SING LE DIP CONTAINS VIDEO SIGNAL 
PROCESSOR. The ULN-212SA is a mono
lithic IC designed for use as a low-cost high 
qual.ity video process ing ci rcuit for black 
and white as well as color TV receivers. It 
provides the following signal process ing 
functions : Keyed AGC amplifier to provide 
forward AGC voltage for video IF amplifiers 
and tuners equipped with NPN bipolar tran
sistors; composite sync outputs with posi
tive and negative-going signals; reverse 
AGC vo ltages for tuners equipped with 
MOSFETs, PNP bipol ar transistors, or tubes 
in the RF stage; low impedance emitter-fol 
lower v ideo output; preset noi se detector 
for gating in the sync separator and AGC 
detector circuits. The ULN-212SA is avail 
able in a 16- lead plastic DIP. Sprague Elec
tr ic Co., Semiconductor Div., 11 S Northeast 
Cutoff, Worces ter, MA 01606. Phone(6 17) 
853-SOOO. 182 
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150-MHz 1000-V/i.tSEC HYBRID AMPLI
FIER . W hen used as an inverting ampli fier, 
the HVA-23 operates at a freq ~ency for 
unity ga in of 100 MHz min . and 1 SO MHz 
typi ca l. Frequency fo r full output is 10 MHz 
min. and 12 MHz typica l. Other features 
include 1000 V/i.tsec slew rate, output vo lt
age of + 1 OV, an ini tial offset vo ltage adjust
ab le down to zero and voltage ga in of 106 
dB. O utput current is ± 30 mA min . and 
input bi as is 1 SO nA max. It is packaged in a 
standard 1 2-pin T0-8 package and meets 
the requirements of MIL-STD-883. ILC Data 
Device Corp., 100 Tee St. , Hicksv ille, NY 
11 801. Phone(S 16)433-S 33 0. 201 

MULTIPLEXED S/D BINARY AND BCD 
CONVERTERS. A system of miniature plug
in modules can be interconnected to create 
a mul tiplexed synchro-to-digital or a reso l
ver-to-di gital converter. The new MSDC 
Seri es can be utili zed in v irtually any system 
requiring interface between multiple syn
chros or resolvers and a digital computer or 
v isual displ ay. Digital output is in angle 
format, with reso lut ion to 13 bits b inary or 4 
decades BCD. A MSDC Seri es system can 
accommodate high- level and low- level sig
nals, 60 and 400 Hz carri er frequenc ies, as 
well as synchro or reso lver signals. Data 
conversion time is 75 i.tsec per channel. 
Binary accuracy is ±3. 9 minutes ± 1 / 2 LS B 
and BCD accuracy is ± 0.07° 1/2 LSB. ILC 
Data Device Corp ., 100 Tee St. , Hicksville, 
NY 11 801. Phone(S l 6)433-5330. 
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ULTRASTABLE GUNN OSCILLATOR. A 
new Gunn osc ill ator features ± l .S ppmr c 
frequency stabi li ty without a temperature 
controller. Thi s rating is equal to several 

comparab le devices on th e market requiring 
a temperature contro ller to maintain stabili 

ty. Des ignated the SSC- 11 010, thi s osc il la
tor operates at a fixed center frequency of 
6.5 GHz and is mechanica lly tun abl e to 
± 120 MHz. An intergral IC bias regulator is 
included. The SSC- 11 010 has a minimum 
output power of 10 mW. Sperry Electronic 
Tube Di v., W aldo Rd., Ga inesv ille, FL 
32601. Phone(904)372 -0411. 203 
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MAGNETIC PEN AN D AMPLIFIER FOR 
COMPUTERS. The new hard-faced M ag
Pen, Model MP-200-B and the new 2000-
ga in op amp Mode l MPA-2000-B are 
ava ilable. The Mag-Pen is designed fo r 
computer-o riented po int-of-sales, ware
house inventory, di sp lay systems, and medi 
cal records. It is a hand-operated dev ice that 
reads pre-recorded magneti ca lly coded data 
stored on cards, tape, sa les slips, etc. The 
basic construction for the new M ag-Pen is 
simil ar to the earli er model, th_e MP-200-X, 
however, Model MP-200-B offe rs longer 
li fe with improved reso lution. Advanced 
M agnetic Produ cts, Inc. , 7067-1 /2 Vine
land Ave. , N. Ho ll ywood, CA 9160S. 
Phone(2 13)764-47 12. 204 

OP-AMP POWER SU PPLY. The DO RPS Se
ri es dual-output regulated power suppl ies 
are stocked fo r immediate shipping. They 
offer current limiting, short-ci rcui t protec
tion and improved regulation. They accept 
11 S/ 230V, 50 to 60 Hz inputs and are ava il
able in two models of 12V at 0.6A and 1 SV 
at 0. 7 A. Construction is open-frame for cost 
effic iency. All components meet or exceed 
UL, CSA and computer-grade requirements. 
Base price is $56. 10, w ith li sted dollar-vol
ume discounts to 2S% and an additional 
S% di scount fo r cash in adva nce. Techmar 
Corp., 2232 S. Cotner Ave., Los Angeles, 
CA 90064. Phone(213)478-0046. 205 

250W MODULAR POWER SUPPLIES. The 
662 Seri es inc ludes the Model 66 2AOS 
whi ch deli vers SV at SOA over the operating 
temperature range of - 20°C to + 40°C with 
no moving air required. Effi ciency is 70%, 
and combi ned line and load regulation is 
± 0. 2% . It accepts either 102 to 130V ac or 
198 to 256V ac w ith no c ircuitry changes. 
O utput noise and rippl e is onl y SO mV p-p 
measured di fferentia lly. The 66 2AOS deliv
ers 2S OW of power in a 209 in." package 
that weighs approximately 1 O lbs - 2.SW/ 
lb and 1.2 W /in .". Trio Laboratori es, Inc., 
80 Dupont St. , Plainv iew, NY 11803. 
Phone(S 16)68 1-0400. 206 

SILICON-TRANSISTOR ELECTRONIC 
CHOPPER S. Models 40 and 40P are encap
sulated uni ts des igned to alternately con
nect and disconnect a load from a signa l 
source. They may also be used as a synchro
nous demodulator to convert an ac signal to 
de. Linear switching or chopping of vo ltages 
can be accomplished over a wide dynamic 
range which extends down to a fraction of a 
mi lli vo lt and up to ± SV. The choppers ca n 
be dri ven from de to SO kHz. $19 (100 
quantiti es). So lid State Electronics Corp., 
1 S321 Rayen St. , Sepulveda, CA 91343. 
Phone(2 I 3)894-2271 . 207 

ULTRA HIGH-ACCURACY PRESSURE 
SENSOR. Type S72 offers the user a rugged 
transducer with an accuracy of 0.02 % 
whi ch is normall y associated w ith primary 
standards. This unit is avail able in ranges 
from 0 to 1 psi to 0 to 100 psi, gage, di ffe r
entia l, or abso lute. Hysteres is errors range 
from ± 0.001 % to ± 0.0 1 % depend ing upon 
pressure ranges. Repeatabil ity is better than 
0.003 %. Sensors are offered w ith propor
tional thermostatic controls to insure high 
accuracy independent of temperature. Da
tametri cs, 127 Coolidge Hill Rd., W ater
tow n, MA 02 172 . Phone(617)924-8SOS. 
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Naw ... 
a digital 
printer with 
SEIKO 
mechanism 
lar anly $325 * 

the real 
bargain is 
KELTRDN 
reliability. 
Applications you couldn 't solve before 
are now easy with our new DM-300 Series . 
Complete unit features a compact, rugged , 
2.5 line/sec mechanism of proven dependa
bility , printing 18 columns, 13 positions/ 
column, 40 characters ... with all logic and 
power supply , cables and connectors, ready 
to go. When fully packaged in heavy-duty 
aluminum cabinet, it's · only 5Y." H x 
7l'z" W x 1 O" D. Rack or panel mounting 
available, st ock or t o your specs. 

* DM-300-18 -- OEM version, less case 
$325.00 each, 100 quantity 

Keltron makes a comp le te l ine of com
patible digital clocks and panel me ters 
for th is and other series of ·p rin ters. 
For immediate aqion, contact. ... 

KELT 

100 
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CIRCUITS 

GAIN AND PHAS E MATCHED 60-MH z 
HYBRID AMPLIFIERS WITH 60-dB GAIN. 
Model 8400-1003 has gain matched detec
tors and video amplifiers. Each amplifier is 
mounted in its own shielded enc losure and 
the matched pair is mounted on a common 
base plate. Center frequency is 60 MHz and 
the input dynamic range is 40 dB min. The 3 
dB bandwidth is ±S MHz nominal with a 
bandpass ripple not to exceed +O.S dB ref
erenced to the center frequen cy. Small sig
nal gain is 60 dB min . with a noise figure 
of 3 dB max. measured from a son noise 
source. AGC ran ge is SO dB min. Under 
$900. Scientific Research Corp. , 4722 Ei
senhower Blvd., Tampa , FL 33614. 
Phone(8 l 3)884-l 4 l l. 209 

HIGH-SPEED A/ D CONVERTERS. This se
ri es of A/D converters fea tures bin ary reso
lution from 8 through 14 bits, with total 
conversion ti me as short as 2 µ,sec. The 800 
Series are complete, fu ll y assembled, tested 
and ca librated plug- in modu les incorporat
ing all of the functions necessary to perform 
conversions, except for power supplies. No 
external reference vo ltage sou rce, ampli
fiers , or trimming potentiometers are re
quired. Conversion times are as fol lows: 10 
µ,sec for 14 bits, 4 µ,sec for 1 2 bits, 3 µ,sec 
for 10 bits and 2 µ,sec for 8 bits. From $29S. 
Phoenix Data Inc., 3384 W. Osborn Rd ., 
Phoenix, AZ 8S017. Phone (602)278-8S28. 
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SYNCHRO/ RESOLVER STANDARD SIMU
LATES ROTATIN G COMPONENT. While 
testing the slewing characteristics of a sys
tem under dynamic conditions, the pro
grammable standard also provi des informa
tion on repeatability of angu lar position. 
Model PSRS-2613 is a source of three-wire 
synchro or four-wire resolver signals for use 

in testing S/D converters, reso lver-to-digital 
converters and other rotating components. 
Programmable functions are: component 
type; mode (dynamic or static); angular 
output and rotational velocity. The dynamic 
mode simu lates a rotat ing component with 
four poss ible rotationa l velocities of 1.S0

, S0
, 

30° and 200°/sec in either direction . Static 
angles may be programmed in 0.1 ° incre
ments over the fu 11 3 60° with an accuracy of 
0.03° with load. The time requ ired to pro
gram the PSRS-26 13 from one static angle 
to any other angle is 10 µ,sec. Singer Instru
mentation, 32 11 S. LaCienega Blvd., Los 
Angeles, CA 90016. Phone(2 13)870-2761 . 
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VOLTAGE CONTROLLED SUBCARRIER 
O SCILLATOR. Model V-S l 1 has been de
signed for accurate conversion of varying 
analog de voltage to a linearl y proportional 
sinewave frequency. Specia l consideration 
has been given to its application within FM
FM telemetering systems. Thi s comp letely 
encapsulated plug- in unit embodies an all 
so lid-state des ign to insure high res istance 
to shock, v ibration , temperature and aging 
effec t. Standard units are available fo r any 
of the 64 IRIG proport iona l or constant
bandwidth subcarrier bands or any frequen
cy range from 300 HZ to 400 kH z. $149. 
So lid State Electronics Corp., 1 S32 1 Rayen 
St. , Sepulveda, CA 91343. Phone(2 l 3)894-
227 1. 212 

2-DIGIT LED MODULE HAS 0.19-IN . 
CHARACTERS. The DL-44 is designed for 
use where multiple digits of 8, 10, 12, 14 or 
more di splays are used and where a multi 
plex drive scheme has been chosen to min
imize electronic costs. Examples of such 
appli ca tions include tab le-top ca lculators 
and point-of-sale equipment. The DL-44 

exhibits a high brightness of 2SO ftL at a low 
current of S mA per segment. It has good 
visibility at up to five to six feet of viewing 
distance. $4.2S per digit. $3.40 per digit for 
100 to 999 units. Litronix, 19000 Home-
stead Rd ., Cupertino, CA 9S014. 
Phone(408)2S7-7910. 213 
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MODULAR TRIPLE-OUTPUT POWER 
SUPPLY. Model Z1 5AT100TL fea tures out
puts of ± 15V at 100 mA and 5V at 300 mA 
with no current derating over the operating 
range of -25°C to +71°C. Line and load 
regulation for the 15V outputs are 0.2%. 
The 5V output is electri cal ly floating, en
abling the user to ground either output ter
minal to obtain a positive or negative 5V . 
The 5V output also features crowbar over
voltage protection. Input voltage requ ire
ment is 11 5V (± 10) ac. Other versions are 
also ava ilab le which operate from 1 OOV 
(± 10) ac and 23 0V (± 25) ac. $49. Zeltex, 
Inc., 1000 Chalomar Rd ., Concord , CA 
94520. Phone(415)686-6660. 214 

BROADBAND BALANCED MIXER HAS 
NO BIAS. The 1311 2N B covers the 1 to 
12.4 GHz frequency range in one compact 
strip line package. It features an i-f frequency 
of de to 500 M Hz. Using hot-carrier diodes 
bonded to the strip line board, the 1311 2NB 
features low noise (9.5 dB typica l) and high 
isolation . Balanced mixers which operate in 
octave bands from 0. 5 to 18 GHz are ava il
able. Microwave/Systems, Inc., 1 Ad ler Dr., 
Syracuse, NY 13057. Phone(3 15)437-995 1. 
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FAN SPEED CONTROLS REDUCE FAN 
AND BLOWER NOISE. The Fandial so lid
state fan speed contro ls continuously vary 
fan and blower speeds from full to any re
qui red lower speed. Used with shaded
pole, permanent spli t-capacitor and univer
sa l (ac-dc) motors, Fandial effecti vely re
duces fan and blower noise. Controls al low 
any lower speed fo r proper air movement to 
remove smoke and odors without creating 
cool ing discomfort. The contro ls tu rn on at 
fu ll speed then rotate clockwise to low 
speed. Lutron Electroni cs, Co., Inc., Coo
persbu rg, PA 18036. Phone(2 15)282-3800. 

216 

Your 
cusatm resB•or 
ndwork ~sonly 
an ~dea away! 

CTS CORPORATION, a pioneer in cermet network pack
aging, HAS WHAT YOU NEED TO SOLVE " CUSTOM" 
RESISTOR REQUIREMENTS! Complete thick film facil
ities save in-house investments: existing tools speed 
production- cut costs .. . capab i lities you can 't afford to 
overlook. Resisto rs and resistor networks are our busi
ness .. . not j ust a sideline . 

Whatever your needs, from standarp in-line and DIP net
works to custom high power/ high voltage packages, you 
can rely on CTS experience and know-how. 

Unmatched f ield rel iability, high volume mechanization, 
and over a decade of cermet thick film-technology make 
CTS resi sto rs " the engineers ' choice ". We have what it 
takes for both standard and custom res istor packages. 
Call on CTS EXPERIENCE ... today ! CTS CORPORATION, 
905 N. West Boulevard , Elkhart, Indiana 46514, Phone : 
(219) 293-7511 . 

c TS CORPORA T/ON 
Elkhart, Indiana 

A world leader in cermet and variable resistor technology. 

CHECK NO. 63 

101 



EQU IPMENT 

UN IVERSAL BRI DGE FO R R-C-L M EA
SU REMENTS. Using an ac bridge tech

nique, Model 4265A measures L, C and Rat 
1 kHz to an accuracy of 0.2% of reading. 
Dissipation factor (D) and quality factor (Q) 

are also measured. Inductance is measured 
from 0.1 µ,H to 1111 H and capac itance is 
measured from 0. 1 pF to 1111 µ,F, both in 
seven ranges. Seven resistance ranges cover 
from 0.1 m!1 to 1.111 M!1. Q, measured at 
1 kHz for seri es Lor parallel C, is from 1 to 
10. D, for parallel L or series C, is from 
0.001 to 1. Both are measured to an accu
racy of 5%. $540. Hewlett-Packard Co., 
1501 Page Mill Rd ., Palo Alto, CA 94304. 
Phone(415)493- l 501. 183 

<:. .. t''• 
,,,, . -----

E.S.R. METER/D IGIT Al O HM M ETER. 
Model 273 reads the "equivalent seri es re
sistance" of capaci to rs or resis tors at 100 
kHz. The instrument ca n reso lve down to 1 
m!1 for capacitors greater than 0.5 µ,F. Two 
other ranges allow higher res istance mea
surements on small er capac itors. The Model 
273 is self-ba lanci ng and operates on a 
" four w ire" principal. Its 2-1 /2-digit deci
mal di sp lay has BCD output. The meter may 
also be used as a digital ohmmeter to read 
resistances (at 100 kHz) between 1 m!1 and 
20!1. $735. Clarke-Hess Communication 
Research Corp., 43 W. 16th St., New York, 
NY 10011 . Phone(2 l 2)255-2940. 184 

SWEEP-FREQUENCY IM PEDANCE MEA
SU REMENTS TO 500 M H z. The capability 
to make 400-kHz-to-500-MHz sweep-fre
quency measurements of impedances from 
0.5!1 to 1 M!1 and of admittances from 1 
µ,mho to 2 mho is now possible wit h a new . 
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$595 accessory to the Model 1710 rf net
work analyzer. The 171 O-P5 immittance 
probe provides the meas urements as recti
linear di splays of the magnitude and phase 
of the impedance or admittance vs frequen
cy, or as a polar display of the real and 
imaginary components. Bias can be applied 
at the rf input for tes ts of semiconductor de
vices and the probe is supplied with all 
necessa ry accessories. General Radio, 
300 Baker Ave., Concord, MA 01742. 
Phone(617)369-4400. 185 

'. 

INDUSTRIAL DPM . Series 3000B general
purpose DPM features a 3-1 /2-digit, 0.3-in.
high LED display (0.8 in. optional), an alu
minum case and a new and improved dual
s/ope A/D converter. The display is updated 
at a rate of 5 times/sec. In the external con
trol mode, the di splay is updated with each 
conversion . The conversion rate ca n be 
adjusted up to 100/sec. S 198. Electronic 
Research Co., 76 18 W edd Ave., Overland 
Park, KS 66204. Phone(913)63 l -6700. 186 

TWO M ULTIMETER MODULES. A 5- 1/2-
digit display and a high-sensiti vity multi 
function unit are added to Hewlett-Pack
ard 's low-cost 3470 snap-on system. The 
$550 3470A display module will lock on to 
any center section or vo ltmeter module to 
make a complete DVM. In combination 
with the Model 34701 A de voltmeter plug
on, the unit forms a 5-1 /2-digit DVM cap
able of measurements from 1 to 1 OOOV, 
with an accuracy of 0.025 % of reading, and 
at a total cost of only $700. Model 34703A 
dc/dcA/ohmmeter module is another $550 
snap-on that can be used with either the 
Model 34740A 4-1 /2-digit display or the 
new 34750A 5-1 /2-digit display. The basic 
sensitivity of the Model 34703A is 1 µ,Von 
de voltage. Hewlett-Packard Co., 150 1 
Page Mill Rd ., Palo Alto, CA 94304. 
Phone(415)493- l 501. 187 

HIGH-PRECISION 5-IN . STRIP-CHART 
RECORDER. Model 726 markets for $495, 
weighs 7 lbs, has a front-mounted fingertip 
control panel and an automatic c lutch for 
advancing or rewindin g manually without 
adjustments. Offering spans from 1 mV to 
1 OOV full sca le with a constant 1 O-M!1 in 

put res istan ce, Model 726 also features 12 
chart speeds, a 30 in ./sec pen response and 
an accuracy of 0.5% of full scale. Dispos
ab le felt pens are standard and can be or
dered with a remote pen lifter. All modf?IS 
are guaranteed for 1 year. Precision Stan
dards Corp., 1701 Reynolds, Santa Ana, CA 
92705. Phone(800)854-3253, toll free. 188 

3-1/2-DIGIT DPM W ITH 10-µ,V RESOLU
TION. Model 4352 is ava ilable off-the-shelf 
in a 20-mV range with 10-µ,V reso lution. 
The full sca le sensitivity of 19.99 mV pro
vides a low-cos t digital readout. A planar 7-
segment green display is easy to read. Op
tions include BCD output, read-hold and 
programmab le decimal points. $195 (20-
mV range). LFE Corp., 1601 Trapelo Rd ., 
Waltham, MA 02154. Phone(6 l 7)890-
2000. 189 

OSCI LLOSTO RE FOR FAU LT RECORD
ING. The system continuously stores and 
then accurately reproduces traces for im
portant measured variables after a delay of 
roughly 300 msec. The UV recorder is trig
gered before the termination of the delay 
and can thus provide a precise picture of the 
start of the fault as well. The frequency 
range for the elec troni c delay module is 
roughly 1 kH z for 6 measuring channels 
and full y suffices for the majority of fault 
analyses. The operating state before, during 
and after the fault can be continuous ly re
corded by one single recording unit with a 
uniform resolution. Siemens Corp., 186 
Wood Ave. South , lselin, NJ 08830. 
Phone(201)494-1000. 1 9 0 
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TI ME-INTERVAL GE NERATORS. Seri es 600 
has been convenient ly packaged in 1-, 2-, 
3- and 4-channel models. Total ca pacity 
can be expanded by operatin g any number 
of instruments in serial or parallel, utiliz ing 
a common time-base clock. Available are 
Model 601 (1 timing channel) at $1700; 
Model 602 (2 timing channels) at $2SOO; 
Model 603 (3 timing channels) at $32SO, 
and Model 604 (4 timing channels) at 
$39SO. Systron-Donner Corp., Datapulse 
Div., 101 SOW. Jefferson Blvd., Culver City, 
CA 90230. Phone(2 13)836-6 l 00. 191 
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PORTABLE PANORAMIC RECEIVER. The 
YIG tuned PM 7800 can di splay the entire 
frequency spectrum from 1 to 18 GHz or 
any selected portion of it in a si ngle sweep 
with 20-MHz resolution . The disp lay may 
be either loga rithmi c or linear, at the option 
of the operator . Built-in sweep circuits per
mit displays on six ca librated time axes from 
50 MHz/div . to 2 GHz/div. An extern al 
sweep may also be used, or the sweep func
tion may be disabled and the receiver man
ua lly tuned. Accuracy is ± 0.2S % + 2S MHz 
and resolution is 20 MH z. Test & Measuring 
Instruments, Inc., 224 Duffy Ave. , Hicks
vi lle, NY 11 802. Phone(S 16)433-8800. 
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PULSE RE CORDER DESIGNED FOR 42 
CHANNELS. Osci lloreg M02001 ac-dc 
recorder has a max imum of 42 measure
ment channels, inc luding one time-marki ng 
channel and covers a frequency ran ge of 
0.12 to 120 Hz. The recorder has eight pa- ' 
per-feed rates from SO mm/sec to 1 m/sec 
with up to 1-msec resolution. A paper foot
age counter is included. The recorder ca n 
be used as a portable unit or it can be rack 
mounted . It can be used to measure relay 

pick-up and drop-off times, contact bounce 
and irregular switching sequences with re
lays, contactors and contact drums. Sie
mens Corp. , 186 Wood Ave. South, lse lin , 
N J 08830. Phone(201 )494-1000. 192 

PORTABLE PROFILE MEASURING SYS
TEM. Model l S consists of a 32 lb dri ve, a 
ruggedized universa l probe and a compact 
14 lb controller with an integral recorder. 
The system sells for $SSOO. The control ler 
has a comp lete elec tronic carrier system 
which provides sensitivity se lection of nine 
magnification ranges from SO to 20,000 
times. The controller's bui lt-in recorder has 
a 2- in. (SO-mm) si ngle-channel chart and 
three chart speeds-0. 1, 0.2 and 2 in ./sec. 
Either English or Metri c charts can be easi ly 
inserted on locat ion . Gou ld, Inc., 4601 
Arden Dr., El Monte, CA 9173 1. 
Phone(3 l 2)693-2SSO. 193 

ELECTRONIC GA LVANOMETER AND 
ti.VM OPTIONS are available as a factory 
insta lled option for EDC's standard line of 
de voltage and current ca librators and refer
ence standards to provide high-accuracy 
measurements and vo ltages as low as 1 µV. 
The input impedance is 10 Ml1 when used 
differentially and infinite when used as a 
ga lvanometer. Sensit ivity is 1 µV and accu
racy is ±O.OOS% of setting. $22S. Electronic 
Development Corp., 11 Hamlin St., Boston, 
MA 021 27 . Phone(6 l 7)268-9696. 194 

ENDLESS-LOOP IN STRUMENTATION RE
CORDER . The low-cost ($3480) recorder 
developed by N . V. Philips of Holland pro
vides up to 90 days of unattended opera
tion. Three standard versions of the M emo
loop are available: 6-channel instruments 
operating at either 3/4 in ./sec; or at 2-1 /4 
in ./sec; and a 13-channel instrument oper
ating at 2-1 /4 in ./sec. Frequency res ponse at 
3/4 in ./sec is 0 to 70 Hz (-3 dB); at 2-1 /4 
in ./sec it is 0 to 1000 Hz (- 3 dB ). Input 
impedance is 10,00011. Test & Measuring 
Instruments, Inc. , 224 Duffy Ave., Hicks
vii le, NY 11 802. Phone(S 16)433-8800.195 

POWER SUPPLY EXTENDS LASER'S 
RANGE. The K-2S power supply is a S-kW, 
10-kV unit for use with Korad's ruby and 
glass laser systems. In use, it increases the 
versati l ity of the lasers by boosting the aver
age laser output power and by improve
ments in pumpin g efficiency of the laser sys
tem. New features inc lude a positive
switch ing circuit to prevent acc identa l pre
firing of the flash lamp. $89SO. Korad Dept. , 
Union Carbide Corp. , 2S20 Colorado Ave., 
Santa Monica, CA 90406. Phone(2 13)829-
3377 . 196 
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For price. delivery, quality 

look to wabash 

For DIP reed relays · 

look to wabash 
New 814 series 14-pin dual-in-line relay 
for high density packaging is epoxy
molded, automatically insertable, fits IC 
sockets. Comes as standard product in 
Form 1 A with nominal coil voltage of 5, 6, 
12 or 24 V. Options available in 2A, 18 
and 1 C (true form) packages. For fast 
delivery, competitive prices, call today. 

SPECIFICATIONS Power (D.C.) 3 watts 
Current (switch) 0.11 0 amps 

Voltage 28v D.C. 
Life up to 50 X 106 Operations 

Configuration .100 X .300 pin centers 

For all relay types 

look to wabash 
NPE/ New Product Engineering, Inc. 
a subsidiary of Wabash Magnetics, Inc. 

First and Webster Streets , Wabash, Indiana 46992 
Phone 219 / 563-2191 TWX 810-290-2722 

•RF SWITCHING & MERCU RY WETTED RELAYS • SU BM INIATURE REED SWITCH ES 
•DIP REED RELAYS • SS A MODULES • STAN DARD & MINI ATURE REED RELAYS 

CHECK NO. 65 

BY ARTWI RE Art Wire's high speed, automatic machines and 
production economies mean BIG SAVINGS for you .. . with guaranteed precision from 
the first to the millionth unit. Widest variety of wire components, made for today's 
automatic production lines, delivered on schedule to assure uninterrupted work flow. 
Send a Sample or Blueprint for Estimates 

Write tor catalog. 

ART WIRE AND STAMPING CO. 
122 Wini< Drive, Cedar Knolls, N.J. 07927 

CHECK NO . 66 
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PROGRAMMABLE TIMING UNIT AND 
PULSE DRIVER. The PFC-101 allows preci
sion control of width and delay out to 999 
nsec. It has 4 independent channels. Reso
lution of both width and delay sett ings on 
each channel is a constant 1 nsec, irrespec
tive of the programmed value of width and 
delay. The unit operates to 35 MHz and 
accepts asynchronous channel-to-channel 
inputs. Width plus delay duty cyc le ap
proaches 200%. The unit can be pro
grammed by the front panel by remote TTL 
signals, or both. $7995 (4 channels) . Tau
Tron, Inc., 685 Lawrence St. , Lowell , MA 
01852. Phone(617)458-687 1. 198 

VHF SWEEP G ENERATOR. Model SMG-12 
is designed to be used in conj unction with 
the Lectrotech SMG-39 or other equivalent 
generator. The combination of the two in
struments permits one to check alignment 
on each of the vhf TV channels. A lso sup
plied as part of the al ignment package is the 
Model SMG/uhf ba lanced detector. This 
device permits alignment checks on each of 
the uhf channels 14 through 83. The SMG-
12 is supplied with al l necessary cables and 
probes. With SMG/uhf and cables it is 
pri ced at $249.50. Lectrotech, Inc., 58 10 N . 
Western Ave. , Chi cago, IL 60659. 
Phone(312)769-6262. 199 

COMPUTER-COMPATIBLE de POWER 
SUPPLIES. Two computer controlled de 
power sources feature digital -programming 
contro l and a wide range of computer-com
patib le interface modu les . Designated 
Models 3536 and 3537, the compact rack 
or bench mounted units permit 16-binary
bit or 17-8CD-bit programming. Interface or 
isolation c ircuits ca n be selected and eas ily 
changed in the fie ld. Ac input to de output 
isolation is 10,000 MD. and 10 pF. Output 
reso lutions as fine as 500 µ.V are ava ilab le. 
In addit ion, any range of fu l l scale and step 
vol tages are also ava ilab le, including non 
linear step functions. $1495. Maxon, 
lnc.,/SRC Div. , 2222 Michelson Dr., Irvi ne, 
CA 92664. Phone(7 14)833-2 000. 200 
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Help put our best 
natural resources to work. 

As you know, today there is a crying 
need for technicians. 

The trouble is many bright kids don't 
know about these jobs. 

So the U.S. Office of Education, The 
Conference Board and The Advertising 
Council have put together a full-scale adver
tising program to get the message through. 

It consists of two parts. One is a seven 
page booklet giving all the facts on technical 
careers, technical schools and financial aid. 
The other is a poster offering the booklet. 

You can help by handing out the 
free booklet-and seeing that the poster is 
displayed in high schools, churches, youth 
clubs, wherever young people hang out. 

For free samples of our booklet and 
poster information on quantity reprints, use 
the coupon at right. 

Reprints are cheap. Only $4.00 per 
hundred for the poster. $5.00 per hundred 
for the booklet. 

For a small additional charge, we'll 
even imprint your company's name. 

Mail the coupon. You'll be helping kids 
who want to make something of themselves
and assuring yourself a supply of···· · · :>&i~. 
technicians for the future. , . ~. 

ADVERTIS I NG CONTRIB U T ED FOR THE PUBLIC GOOD 

Mon .ro .... .--bod~.-Jo<l 
... ~~a. 
TMqwdobcirn~US~cl 

~11111111,....io.."'""'ti.... ..,,....,_<:q>V_ 
C.-~OC20202 

r---------------------1 
I Technicians I 
I P.O. Box 313, Radio City Station, New York, N.Y.10019 I 
I I 
I N ame I 
I Firm I 
I I 
I Business Address I 
I City State Zip I 
L---------------------~ 
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COMPUTER PRODUCTS 

FAST-MAKE/FAST-B REAK KEYSWITCH 
DESIGNED FOR COMPUTERS, controllers, 
business machines and scientific ca lcul a
tors. The Type S signal keyswitches prov ide 
manual entry of commands into systems 
employing DTL, TIL or MOS c ircuit logic. 
They are ava ilable onl y as mounted arrays 
on a common pc board for low cos t and 
perfect co lumnar alignment. The keyswitch
es use the re li able " pancake" design that 
employs a simple, dome shaped snap disc 
whi ch when pressed, makes electri ca l con

tact with a gold pl ated conductor. 211' to 
291' per-key mounted on the customer' s 
board . Mohawk Data Sc iences Corp., Co lo
rado Instruments Div ., 1 Park St. , Broom
field, CO 80020. Phone(3 15)79 2-2202. 

245 

INTERFACE INCREASES DATA TRANSFER 
RATE. The Model 2300 allows a 5-fo ld in
crease in data transfer rate between Control 
Data Corp. computers and Va rian 620 min i
computers. Ava il ab le w ith the Vari an priori 
ty memory access (PMA) fea ture, it permits 
the 620 to serve as a front end fo r the larger 
CDC equi pment in applica tions such as 
data acquisition, telecommuni ca tions, 
graphi cs w ith interacti ve contro l, or other 
spec ial control 1/0 functions. Use of the 
mini computer permits farm out of produc
tion-s lowing operations. The larger comput
er is reli eved of housekeeping chores and 
may devote most of its time to pure 'number 
crunching.' Sierra Data Systems, Inc. , 168 E. 
Del M ar Bl vd., Pasadena, CA 911 05. 
Phone(2 13)792-2 131. 246 

LOW-COST PRINTER HAS ONLY 2 MA
JOR MOVING PARTS. The Seri es 200 print-
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er is sa id to be the only non-impact electro
resistive printer ava ilabl e in the 200 cps 
range. Due to its ultimate in modularity, this 
is the first piece of electronic equipment of 
thi s complexity sa id to be capable for se lf
service by any end user. The SCOPE Seri es 
200 is thought to be the only serial charac
ter printer (thus allowing direc t keyboard 
entry) in this advanced speed range. It w ill 
O. E.M. for less th an $135 0 in small quanti 
ti es w ith shipments beginning in June. End 
user pric ing is avai I able from the manufac

turer. Scope Data, Inc. , 5870 S. Tampa, 
O rl ando, FL (32802). Phone(305)859- 1410. 
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JOOM-BIT DISC SYSTEMS OFFER LOW 
COST. The fi eld expandable 3320 disc sys
tems are ava ilable in four models; 75M , 
1 SOM, 225M and 300M-bit confi gurations. 
These systems fea ture a track density of 164 
tracks per in ., average head positioning time 
of 30 msec and data throughput rates of up 
to 6.45Mbps. They have the ability of ex
panding up to eight units. Data integrity is 
assured by using non-contact heads which 
automatically retract in the event of a power 
fa ilure. Remex, 1733 Alton St. , Santa Ana, 
CA 92705. Phone(7 14)557-6860. 248 

MICROPROGRAMMED BRANCH DRIVER 
AVAILABLEFOR PDP-11. The MBD-11 is a 
16-bit microprocessor CAMAC branch driv
er (BO). The unit can function as a standa
lone controller fo r data logging and control 
appli ca ti ons and as an 8 OMA channel mul 
tiplexer/branch dri ver. The MBD-11 used 
w ith the PDP-11 serves as a pre-processor, 
parallel processor and as a high-s peed 
CAMAC BO. The MBD-11 has a 16-bit 
read-write bipo lar memory that is expand
able to 1024 words in 256-word increme_nts. 
The unit has 16 microinstructions that can 
selec t any memory source and transfer to 
any register and perform one of 16 control 
functions in 350 nsec. The unit can initi ate 

25 unique interrupts to the PDP-11 . Di ag
nosti cs and a macro-assembler are fur
nished with the MBD-11 . Also offered is 
a si mulator for testing PDP-11 interfaces 
and a Nova branch driver. BiRa Systems, 
Inc., 96 11 Acoma S.E ., Albuquerque, NM 
87123. 249 

COMM TERMINAL FEATURES DUAL CAS
SETTES. The Model 4200 is intended for 
high-speed data commun ications and data 
storage appli cations. It features full remote 
control with each deck independently con
trollable, switch selectable speeds to 2400 
Baud, high-speed search and data editing. It 
has dual interfaces for termin al and modem 
operation. The unit is switch selectable for 
on-line or off- line operation. Independent 
read/write speeds are fea tured and the 4200 
is programmable. It is plug compatible to 
most data entry termina ls such as Teletype, 
Hazeltine 2000, Tl 700 seri es printers, 
Univac OCT 500, TermiN et 300 and 
many others. Techtran Industri es, Inc. , 
580 Jefferson Rd. , Rochester, NY 14623. 
Phone(7 16)27 1-7953 . 250 

PAPER-TAPE WINDER FOLLOWS RAPID 
STARTS AND STOPS. The TM/ 270 collec ts 
tape that is being expelled from readers or 
punches at rates up to 11 5 cps or 11 -1 /2 ips. 
The unique tape tensioning control arm and 
servo braking sys tem allow s the devi ce to 
co llec t tape even when the tape source is 
startin g and stopping quickl y. The winder is 
suppli ed w ith an 8- 1 /2- in. diameter, separa
ble tape ree l. Take up reel capacity is ap
proximatel y 800 ft. $90. Data Specialties, 
Inc., 1548 Old Skokie Rd ., Highland Park, 
IL 60035 . Phone(3 l 2)83 l -375 0. 251 
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ADD-ON MEMORY FOR H-P USERS 
REQU IRES NO CPU CHANGES. HP 21 00-
seri es computers can now be expanded up 
to 32 k core with the 2970 core memory 
subsystem. A direct add-on, the memory 
requires no hardware chan ges to the CPU 
and works with the ex isting installed core. A 
self contained power supply conserves CPU 
power for periphera l 1/0 controllers. All 
existing software, inc luding memory diag
nosti cs, run as they are. Memory data ac
cess time is 250 nsec. Daconics, 925 
Thompson Pl ., Sunnyvale, CA 94806. 
Phone(408)732-2634. 253 

PLUG-IN UNIT INTERFACES TELETYPE 
W ITH INTEL COMPUTERS. The SIM 4-01 
and 4-02 can be interfaced simply and eco
nomica lly to a standard Teletype machine 
with this so lid-state plug-in reader control 
package. It is housed in its own plug-in case 
and requires litt le effort to install. Complete 
instruction sheet for installation is included. 
The new reader control is MOS or TTL 
compatible with simple circuit modifica
tion . SenSitrol , Inc., 200 S. 4th St., P.O. Box 
150, Albion, IL 62806. Phone(6 18)445-
2323. 254 

_, ... 
- .......... ~ 
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PCM BIT SYNCHRON IZER OFFERS BIT 
RATES FROM 1 kBPS TO 2 MBPS. The 
Model 7130 is thumbwheel programmab le 
and has independent input and output 
se lection in all standard IRIG codes. It ac
cepts perturbed data in any of the 8 IRIG 
codes via one of 4 selectable input chan
nels. It outputs an in-phase c lock, regenerat
ed (c leaned) input data, NRZ-L data and any 
selected IRIG codes. The clock is generated 
by a phase locked loop with wide or narrow 
tracking. Under $4500. Coded Communica
tions Corp., 1620 Linda Vista Dr., San M ar
cos, CA 92069. Phone(7 14)744-37 10. 255 

Houdaille's versatile 
new n/ c systems 
offer pluggabl_e circuits, 
countless options -
and unbelievably 
low cost! 
2- or 3-axis systems. Opt ions 
include computer-assisted tape 
preparat ion , sophisticated con
touring capability. The low cost is 
standard. So is Houdaille 's nati on
wide factory service. Request 
information , and learn how to 
custom-automate econom ically 
with Houdaille. Electron ics 
Division , Houdai lle Industries Inc. 
9034 Wehrle Drive / Clarence, N.Y. 
14031 /716-632-8412. 

ELECTRONICS r::JouDAILLE 

CHEC K NO. 67 

New forced air 
cooling package 

dissipates 450 watts; 
costs only S6.50* 

Our new Series FAHP4 
blower package measures 
only 3-3 / 4" x 5-3 / 16" x 4-J 1/ 16" 
and weighs only 14 ounces, yet dissipates 
450 watts in a 25°C ambient with a case 
rise of less than 95 • C. The secret to its 
high performance and low cost is the use 
of four standard IERC HP3 staggered 

* 1000-pc qty.; 
fan not included. 

finger heat sinks. Since the 
semiconductor hole pattern is 

in the heat sinks we assemble the 
FAHP4 from standard off-the-

shelf heat sinks and shrouds. Ask for our 
new data sheet. IERC, 135 W. Magnolia 
Blvd., Burbank, Calif. 91502, a subsidiary 
of Dynamics Corporation of America. 

I IERC 1~ I Heat Sinks 

CHECK NO. 68 
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WORLD'S SMALLEST TRI-AXIAL 
PIEZOELECTRIC ACCELEROMETERS 

RANGES FROM 0.1 to 50,000g 

The development of this microminiature line of piezo. 
electric Tri -Axial Accelerometers of the 600-TX Series 
result from a newly discovered crystal material. They 
provide the simultaneous measurement of vibration and , 
shock in three mutually perpendicular directions and ( j 1 

are equipped with detachable cables for longer I ife ~ ,,(;. 

in adverse environments. They are proven un- ~~ft#t~ 
surpassed for accuracy and where mounting f.1,r~'t\~1 
'P'Ce ;, ""dctod. c"' °' Wm• -

COLUMBIA RE SEARCH LABS , INC l~ 
Woodlyn, Pennsylvania 19094 ,.,~. 
Telephone: (2 15) 532·9464 

• 
CHECK NO. 69 

MST PACK 
Save a fast 40% on your IC packaging 

with low-cost EECO plug-in hardware. 

Cut production time to 
5 weeks for finished 

products from your 
logic diagrams 

(wrapped , tested , 
debugged and fully-

documented thanks 
to our CAD facility). 

Knock out 
switching transi

ents and main
tain high noise 
immunity with our 
integral advanced 
power distribution 

system. 

• free. We can save you time, money and a lot of head-
aches on your IC packaging. Our free IC Packaging Package 

tells all about the world 's largest selection of sockets, 
cards, panels, drawers and special assemblies, as well as 

our computerized wiring service. Send for it. Today. 

Triple the density of 
PC boards, lower 

production costs and 
increase reliability 
(thanks to point-to

point wiring and 
the need for fewer 

connections) . 

Get all the fl ex
ibility you need 
for easier field 

modification, 
maintenance 

and prototyping (low
cost kits available) . 

~~©~ IC PACKAGING 
EECO, 1441 E. Chestnut Avenue, Santa Ana , California 92 705 ·Tel : (714) 547-5651 

CHECK NO. 70 
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VIDEO EXPANDER INTERFACES COM
PUTERS AND TV for graph ic data display. 
The Model 261 may also be used for video 
communications terminals. Any properly 
formatted ana log or digital input may be fed 
into the unit at a slow rate and used to build 
a continuously refreshed image on a TV 
screen. A 12-in. magnetic disc memory is 
used for image storage. $5500. Colorado 
Video, Inc., P.O. Box 928, Boulder, CO 
80302. Phone(303)444-3972. 256 

DIGITAL-CLOCK KIT OFFERS LED DIS
PLAY. These clocks display 4 or 6 digits. 
The units operate on either a 12- or a 24-hr 
cycle and a one pulse per sec co lon may be 
utilized in the 4-di git clock. The kits fea ture 
pl ated-through ci rcuit boards and LSI cir
cui try with low-profi le mounting sockets 
and BCD outputs. They have an internal 
di git multiplex osci llator and individual 
timeset buttons. Inc luded with the kit is an 
il lustrated assembly manual with sections 
on theory of operation, trouble shooting and 
step-by-s tep assembly procedure with sche
matics. MITS, Inc., 5404 Coal Ave. S.E., 
Albuquerque, NM 87108. Phone(5 05)2 65-
7553. 257 

• 

CONVERT TOU CH-TONE SIGNALS TO 
DIAL-PULSE SIGNALS. The TT-DPl con
verter ca n be used in radio or telephone sys
tems. For high-speed signalling, the TT-DPl 
has a bui lt-in cyc lic memory. This lets you 
enter up to 18 touch-tone digits in rapid 
succession without congestion. Immediate 
cancel lat ion of the signal conversion is pos
sible if there is a mistaken touch-tone entry. 
TT-DPl converters are avai lable on 19- in . 
rack panels or in NEMA-3 housings. Both 
models are supp li ed in ei ther 24V de, 48V 
de or 11 7V ac versions. $845 to $870. 
Bramco Controls, Div. of Ledex Inc., Col
lege and South Sts., Piqua, OH 45356. 
Phone(5 13)773-827 1. 258 
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Profit 
Through 
Quality 

By Sidney Weinberg 

"This excellent book deserves a place on 
the desk of any general manager who 
wan ts to inc rease the use of Q-R 
methods. " Quality Progress 

A practi cal guide to help production and 
genera l managers analyze requirements 
and establish an effecti ve, profitable 
qua lity and reliability policy. By one of 
the United Kingdom's most respected 
authorities, it should be read by everyone 
concerned wi th maintaining quality and 
profits. Illus. 192 pp. $10.95 

COMPLETE 
GUIDE TO 
PROJECT 
MANAGEMENT 
by Dennis L. Lock 

Th e perfect introducti on to project 
management , the techniqu e c reated 
to deal with the complex activi ti es of 
modern industry-planning , costin g, 
controlli ng and eval uati ng projects 
so they are completed on -lime and 
to specs and budget. 

With over 60 illustrations and many 
practical examples, this book covers 
all th e basics an d includes explana
tions of CPM and PERT. 

Complete Guide to Projec t Manage
ment is essential reading for anyone 
on the technical o r manage ria l side 
of industry , wi th any responsibility 
fo r projec ts. 224 pp. $10.95 

Order Today-15-Day Free Tr/a/
Satisfaction Guaranteed or Money 
Back-Send check and we pily ship
ping 

.......•... .. .... .. ••• •...•..... ... . 
Cahners Books 

221 Columbus Ave., Boston, MA. 0211 6 
Quant ity Title 

NAME------- - - ---

POSITI ON 

COMPANY - ---

ADDRESS ----------- -

- - - - - - ----- ZI P 
S58/M0 809 

Send Payment and We Pay Shipp ing 
D Payment Enclosed fJ Bill My Company D Bill Me 

HIGH-STORAGE CAPACITY DISC SYSTEM 
STORES 116M BYTES. Compl ete disc sys
tems for Interdata Computer Models 3, 4, 5, 
50, 70, 74, and 80 and GE PAC Model 
3010/2 computers, prov ide dual density 
storage of up to 11 6 million 8-bit bytes per 
single di sc storage cabinet on IBM 23 16 
type mov ing head-disc units. Systems con
sist of a DC- 16-1 disc controller and up to 8 
Telefile Model DD-215 dual density di sc 
dri ves. M any di sc controller functions nor
mally performed by software are automati 
ca lly accompli shed by hardware. Track-to
track access time is 10 msec, and max. ac
cess time is 55 msec. Data transfer rate is 
312,000 bytes per sec. DC- 16-1 - $8200. 
Disc drives-$22,000. Telefil e Computer 
Products, Inc. , 17795, Sky Park Circ le, 
Irvine, CA 92664. Phone(714)557-6660. 
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PRINTING CALCULATORS HAVE STORED 
PROGRAMS. The C 6200 seri es programs 
are appli cable to general business problems 
such as ca lculation of se ll ing price from cost 
and des ired gross profit margin, automatic 
scheduling of compound interest ca lcula
tions, preparation of deprec iation sched
ules, automatic extensions with proof totals, 
prorat ion of amounts, di stribution by per
centages, area/vo lume ca lculati ons, job or 
process costing, determination of amount 
and percentage of increase or decrease for 
comparable periods as we ll as logarithm 
and standard deviation programs for finan
c ial analys is and business forecasting. The 
programs are stored permanently in ROM 
consisting of LSI c ircuit chips. Business 
M achines Group, Burroughs Corp. , Detroit, 
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Do you think you can 
construct this circuit 
in 17 minutes*? iQV 

. 
YOU CAN 

...-~~--~~__.--r~~~~~~---, 
NO NC NC 

~LATCH 

LED 
DISPLAY 

14 

•ci rcuit constructed by EL 
L-.+.-----~----.--~ Instruments Eng ineering 

Dept. using standard 
components and El ite-3 
in 17 minutes, 8 seconds. 

. "I ITI' •.J BREADBOARDING with the ID ~ ID. ••DESIGN SYSTEM 
If time is valuable, the versatile ELITE-3 is a 
must for your lab. Test, design, layout any 
component combination, ICs, discretes, etc. 
without soldering! Eliminate expensive jumpers, 
use #22 gage solid wire. All components are 
reusable. The ELITE-3 includes independent 
circuit monitor logic lights, isolated toggles and 
pushbuttons, universal component acceptance, 
plus more . .. and costs only $350. 

Interested? Write or phone today for 
complete literature on ELITE-3 and other 
inexpensive, quality EL circuit design aids. 

QllQ EL INSTRUMENTS, INCORPORATED 
61 First St reet, Derby, Connecticut 06418 
Telephone: 203/735-8774. 

CHECK NO . 72 
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COMPONENTS/MATERIALS 

TIME DELAY RELAY IS A HYBRID. In a 
package no larger than a 388 general pur
pose re lay, this c lass 388 is a compos ite of 
so lid-state ti mi ng, isolated from a high
quality genera l-purpose re lay. W hen con
tro l vo ltage is appl ied to the input termin als, 
the so lid-state ti me delay is ini tia ted . The 
contro lled period of ti me is repeatab le to 
:t3% accuracy. W hen the timing network 
reaches its predetermined durat ion it ener
gizes the genera l-purpose relay to switch up 
to 1 OA at 11 5V ac o r 28V de on DPDT 
contacts. Transient protection to twice 
input vo ltage fo r 8 msec is incl uded . 
$14.80 to $18.50. Magnecraft Electri c Co., 
5575 N. Lynch Ave., Chicago, II 60630. 
Phone(312)282-5500. 261 

LOW-PROFILE RECEPTACLE DESIGNED 
FOR LEADLESS SUBSTRATES. Increased 
semiconductor chip sizes have forced the 
introduction of ceramic packages w ith larg
er well sizes and metalli zed edges . Side 
meta llization not only increases space 
avai lab le fo r ac ti ve chi ps but eliminates the 
package leads and thei r inherent drawbacks 
w hile ma intai ning pluggab il ity w hen used 
with receptacles. Extending onl y 0.225 in . 
above the pc boa rd, thi s low-profile recep
tac le from AMP Inc., is designed to accom
modate the new side metallized leadless 
ceramic packages. Accepting 0.080- in. 
thi ck ceramic packages up to 2.020-i n. long 
and 0.578 (-0.013 + 0.032 in .) w ide the 
receptac le is onl y slightl y larger than the 
ceramic package itse lf. AMP Inc., Harr is
burg, PA 17105. Phone(717)564-0 101.262 

GaP LEDS OFFERS HIGH EFFICIENCY 
AND BRIGHTNESS. Compared to ga llium
arsenide phosphide, these ga lli um-phos-
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phide LEDs offer superior bri ghtness at 
lower current levels. The XC-200 is a low
profi le point source of light ava il able w ith 
both clear and red epoxy lenses. The high
profile version, the XC-300, has a magni fy
ing lens available in both clear and red. 
Typi ca l specifi ca tions are 3 milli candell a 
for the XC-300 series and 0.5 mi llicandella 
for the XC-200 seri es at operating currents 
as low as 10 mA. Pric ing is $1. 25 for 1-99, 
$.87 for 100-999 and $.76 for1 000-up. Xc i
ton Corp., Shaker Park, 5 Hemlock St. , La

tham, NY 1211 0. Phone (5 18)783-722 6. 
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MINIATURE SWITCH HAS TACTILE FEED
BACK. The LM miniature gold v-bar switch 
is a SPST-N.O. unit. Switching contac t is 

achieved by mov ing a gold-wire beam 
spring into the vee formed by the coni cal 
points of the 2 go ld pl ated contact rods. The 
spring-on-spring des ign has the hi gh hyster
es is des ired in modern keyboard switching. 
The solder mounted units are des igned fo r 
use in hand-held devices. They can be 
mounted on 1 /2- in . centers. The complete 
keyboard inc luding pc board ex tends 1 /4 
in . below the enc losure panel surface and 
has 0.70 in . of plunger travel to give a sense 
of movement. 16q: each in quantities of 
50,000 per month . Mechanica l Enterpri ses 
Inc., 5249 Duke St. , Alexandri a, VA 22304. 
Phone(703)75 1-3030. 264 

3-DIGIT LED DISPLAY AIMED AT CALCU
LATOR MARKET Each digit in the NSN-33 
is 1/8- in . hi gh and consists of 7-segments 
and a ri ght-hand dec imal po int. Segment 
and decimal point anodes of the 3-digits are 
intern all y connected in parallel making 
multiplex opera tion easy. The digits are 
spaced on 0.2- in . centers fo r easy end-to

end stacking of 6, 9, or 12 or more digits. 
The NSN-33 comes in a 12-pin DIP. A low
current drive of only 1 mA average per seg
ment provides adequate brightness in typi 
ca l appli ca tions. M ax imum average current 
per segment is 8 mA and the max imum re
verse voltage rating is 5V. National Semi 
conductor Corp., 2900 Semiconductor Dr., 

Santa Clara, CA 95051. Phone(408)732-
5000. 

TIME DELAY RELAY CAN BE SET FROM 16 
MSEC TO 9 HRS. The M-272 " DIGILAY" 
digitall y controlled time delay relay/fl ip
flop/pulser has an accuracy and repeatabili 
ty of better th an 0. 05% of full ran ge. It is 
housed in a standard time delay relay hous
ing terminating in a 11-pin pluggabl e 
connector. The DPDT relay is rated at 
1 OA/12 0V ac and is sea led twice for indus
trial environments. The desired delay is 
generated by depress ing one or more 
switches located on top of the unit. These 
switches are normally covered with a trans
parent cover to protect them from acc iden
tal setting and dust. Start, stop and mode of 
operation is controlled by contact closure. 
$69. Microtronics Corp., 203 Gatew ay Rd., 
Bensenville, IL 601 06 . Phone(3 12)595-
8330. 266 

DIP DELAY LINE DESIGNED FOR COM
PUTERS. The units range in delay from 1 Oto 
200 nsec long. Taps are located at incre
ments of 10% of total delay. To lerances on 
delay are :t5% or 1 nsec, whi chever is 
greater. Attenuation is less than 0.5 dB. 
They operate over a - 55°C to + 85° temper
ature range, with a temperature coeffi cient 
of delay of 70 ppm/°C maximum and meet 
MIL environmental specifications. Features 
include: large delay/ri se time ratio, 4 stan
dard impedances, 5 standard delays and 
thermal stability . Anderson Labs, 1280 
Blue Hills Ave., Bloomfield , CT 06002. 
Phone(2 03)242-076 1. 267 
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Competition 
is hot ... stay cool 
with Glowlite. 
Glowlite takes the heat 
off manufacturers 
who requ ire spec ial 
design neon lamps. 
Whether used as in
dicators in electrical 
appliances . . . or 
industrial and com-
mercial equ ipment . . . 
Or as lnner-Vators . . . 
as arc suppressors , 
flashers , fuse indica
tors, humid ity sensors, 
oscillators, power line testers , relays and lots 
of other things .. . Glowlite neon lamps give 
you the benefits of low cost, long life and 
rel iabil ity. Stay cool. Write for ou r catalog . 

Subs1d1ary of El-Tro n1 cs. Inc 

Pauls Valley, Okla . 73075 • (405) 238-5541 
CHECK NO . 81 

A CAMBION® Double " QQ" Product Line 
When your design calls for handles, standoffs, solder termi
nals, spacers, insulated terminals, battery holders, and basic 
hardware, it's nice to know there 's a source that believes in 
quality - CAMBION. And it's also nice to know that you can get 
CAMBION qua lity in quantity. That's the CAMB I ON Double "Q" 
approach. 

CAMBION puts the extra finish on handles, precise plating on 
significant surfaces of terminals, and long-life in plugs and 
jacks for almost infinite cycling. The quality stands up as the 
quantity goes on . All CAMBI ON hardware items are available 
"off-the-shelf." 

Try the CAMBION Double " Q" approach. Tell us of your needs 
and we' ll supply a jumbo catalog, No. 747, full of answers. 
Cambridge Thermion ic Corporation, 445 Concord Avenue, 
Cambridge, Mass. 02138. In Los Angeles, 8703 La Tijera Blvd. 

the guaranteed electronic components 

CHECK NO. 74 
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DID YOU GET THE WORD? 

+ 

--

NEW 
48 VOLT 

INPUT 
CONVERTER 

t----c> 

+ 
+ 

MIL ELECTRONICS can convert your 
48 Volt DC source into something usuable, 
like 5VDC . .. or ± 15VDC .. . or both ... 
or any other voltage . .. or two . . . or three 

FREE! SEND FOR 

Bulletin No. 730 
for complete list of 
models avai lable 

CHECK NO . 50 

Introducing 
the expensive 
curve tracer that 
doesn't cost a lot. 
The B&K Model 501A. 

It hooks up to any scope, old or new. (Like our 
Model 1460 triggered-sweep scope.) 

And it analyzes all semi-con ductors including 
J-FET's, MOS-FET's , signal and power bipo lar 
transistors , SC R's, UJT's and diodes. Fast and easy. 

Constant current and voltage steps with 3% 
accuracy make the Model 501 A an exceptional 
value. You can test trans istors in circuit for 

GO/NO GO cond ition. St2995 Badly distorted curves 
will indicate the stage 
where a fa ult exists. 

Call you r B&K I 
dist ributo r. Or wri te 
Dynascan Corpo ration. 

Very good equipment 
at a very good price. 

/Bl/I 
Product of Dynascan Corporati on 
1801 West Belle Pla ine Avenue , Ch icago , Ill inois 60613 

CH ECK NO . 75 
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Reduce Car 
Maintenance 

Increase 
Engine 

Performance. 
Put a Mark Ten Capacitive 
Discharge Ignition (CDI) 

System On Your Car. 

Even Detroit finally recognizes that elec
tronic ignition systems dramatically in
crease engine performance. Chrysler is now 
putting them on their new models. The Mark 
Ten CDI. the original electronic ignition 
system, has been giving increased perfor
mance with lower maintenance to hundreds 
of thousands of satisfied customers for 
over eight years. Install a Mark Ten CDI on 
your car, boat or truck and eliminate 3 out 
of 4 tune-ups. Increase gasoline mileage up 
tp 20%. Enjoy improved engine perfor
mance. Or put a Mark Ten B on your car. It 
was especially designed for engines with 
smog control devices. By reducing combus
tion contaminants, the Mark Ten B restores 
power losses caused by these devices. 
Equipped with a convenient switch for 
instant return to standard ignition, the Mark 
Ten B is applicable to ANY 12 volt negative 
ground engine. Both systems install in 10 
minutes with no rewiring. Order a Mark 
Ten or Mark Ten B CDI today. 
Mark Ten (Assembled) $44.95 ppd. 
Mark Ten (DeltaKit) $29.95 ppd. 

(Kit available in 12 volt only. 
positive or negative ground.) 

Mark Ten B $59.95 ppd. 
(12 volt negative ground only) 

Superior Products at Sensible Prices 
Mfg. in U.S.A. 

,-------------1 

, DELTA PRoDuCTs, licE.DN 
P.O. Box 1147 / Grand Junction , Colo. 81501 

(303) 242-9000 

Please send me free literature. 
Enclosed is$ __ o Ship ppd. o Ship c.o.o. 
Please send : 
_ Mark Ten B @ $59.95 ppd. 
_ _ Standard Mark Ten (Assembled) 

@ $44.95 ppd. 
_ _ 6 Volt : Neg. Ground Only 
__ 12 Volt : Specify 
__ Positive Ground __ Negative Ground 
_ _ Standard Mark Ten (Deltaki t ' )@ 

$29.95 ppd . 
(12 Volt Positive Or Negative Ground Only) 

Car Year _ _ Make _ ______ _ 
Name _____________ _ 

Address____________ I 
City I State _______ Zip I 

L__ _ _ _J 
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COMPONENTS/MATERIALS 

SUBMINIATURE-SWITCH TUBE TRIG
GERS BY BODY IMPEDANCE. Th e ZA 1006 
for TV touch-control tunin g and channel 
indication is a neon fill ed diode whose large 
and stable difference between ignition and 
maintaining voltages permits a highly reli 
able response when tri ggered. Ignition po
tential for the ZA 1006 is l 72V and its main
taining potenti al is only 107 V. It draws onl y 
3 mA of cathode current when switched on. 
Ignition delay is as low as 20 msec, depend
ing on circuit configurations. Since the 
ZA 1006 is a neon fill ed diode, it produces a 
bri ght orange li ght when switched on . 
Amperex Electronic Corp., Hicksville D iv. , 
Hicksv ill e, NY 11 802. Phone(5 16)93 1-
6200. 268 

SOLID-STATE NOISE SOU RCES OPERATE 
UP TO 18 GHZ. With typi call y a 15% 
bandwidth , these devi ces can be provided 
with excess noi se ratios of as much as 42 
dB . Low-power, small -s ize and high-level 
output make them idea l for system no ise 
moni toring applica tions. A high-excess 
noise ratio permits the user to inject no ise 
into a receiver system through a 20- or 30-
dB coupler and still attain a reasonably 
high, inj ected noi se power in the system for 
measurement of operating noise tempera
ture or noi se fi gure. Small size and the need 
for onl y a single coax ial power connection 
make antenna feed mounting parti cularl y 
convenient. AILTECH, Farmingdale, Long 
Island, NY 11 735. Phone(516)595-5823 . 

269 

STEPPING MOTORS FEATURE HIGH 
TORQUE-TO-SIZE RATIOS. The size 34 
permanent magnet stepping motor is de-

signed for 1.8° , 1.875° and 5° steps, torque 
ratin gs from 100 to 450 oz- in ., and slew 
rates to 20,000 pps and up. The size 23 unit 
has 1.8°, and 5° steps, 25 to 100 oz-in . 
torque ratings and slew rates to 10,000 pps. 
In the va ri able reluctance types, sizes 8 thru 
23 steppers are ava ilable with 3 or 4 phase 
windings and a wide range of step angles, 
voltages and torque ratings . The P.M . units 
are also used as ac synchronous motors 
with shaft speed equal to 1.2 times the ap
plied frequency. Eastern Air Devices, Inc., 
Dover, N H 03820. Phone( 603)742-3330. 

270 

FORCED AIR HEAT SINKS DECREASE SIZE 
AND COST. A 20 to 40% decrease in cost 
and a 50% reduction in size and weight 
over comparably performing units are fea
tures of these natural or forced air convec
tion heat sinks. These ex truded heat sinks 
consist of 2 identical halves with tongue
and-groove co nfi gurations. A standard 3-
1 /8-in . fan fastens directl y to the unit. These 
extrusions may be ordered in any length 
and cut as required. A number of indi vidual 
units, in modular form , ca n be assembled 
using threaded rods. Tor Heat Sink Div., 
Precision Dipbraze Tor, Inc., 14715 Armin
ta St., Van Nuys , CA 91402. Phone(2 13) 
786-652 4. 271 

EVALUATION KITS OF SOLID-STATE 
SWITCHES. All 4 kits contain a pc board for 
switch mountin g, a detailed set of des ign 
and application notes and four Seri es 200 
so lid-state switches. Eva luation Kit Fl con
tains 4 momentary-type switches which 
require a power supply that is floating with 
respect to earth ground . Kit F2 contains 3 
momentary and 1 latching-type switch for 
floating operation . Evaluation kit G l is sup
plied with 4 momentary-type switches th at 
require a grounded power suppl y and kit 
G2 contains 3 momentary and 1 latching
type switch for use with grounded power 
source. $2 5.00. Magic Dot, Inc., 40 W ash
ington Ave. S. , Minneapoli s, MN 55401 . 
Phone(61 2)333 -8161. 272 
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SUB-MINIATU RE TOGG LE SWITCH O P
ERATES FROM de TO OVER 1 GHz. The 
Giga-Switch provides reli able operation 
over a wide-frequency range. This switch 
exhibits low-internal res istance, low induc
tance and low capacitance since it was de
signed specificall y for low-energy, high-fre
quency appli cations. Life is 100,000 cyc les. 
There are 2 models presentl y bein g of
fered -a standard DPDT and a modified 
DPDT with a shorting strap across 2 termi
nals as typi cally used in attenuators. Quan
tity 1-9- $5.50 Large quantity- $3.00. 
Elemetri cs Corp., 12 Maple Ave., Pine 
Brook, N J 07058. Phone(201 )227-2000. 

273 

IN FRARED ARR AYS DRI VE LOG IC CIR
CUIT ICs. This famil y of 9-, 10-, and 12-
posi tion matched-pair IR source and sensor 
arrays is des igned for all types of optoelec
tronic recognition equipment. The units can 
be used to sense refl ected li ght as well as 
incident li ght through punched hol es. Each 
array pair consists of a modular array of ga l
lium-arsenide infrared emitting diodes and 
a matching array of infrared phototransistor 
sensors. Standard digita l integrated circuits 
may be operated from the 5Vc.- at 50 mA 
sensor output without amplifi cation . Com
patible interfac ing with DTL, RTL, or TTL 
circuits and information transfer from laser 
sources is poss ible. Sensor Technology, 
Inc., 2101 2 Lassen St. , Chatsworth , CA 
91311. Phone(213)882-4 l 00. 274 

Pc CONNECTOR ELIM INATES CIRCU IT 
BOARD MISMATI NG. Featurin g the ability 
to be keyed to 36-po lari zation positions, the 
50-pin EG-Seri es connectors are made of a 
new high ly res ilient pol yester thermopl as
tic, which operates at up to l 50°C; a heat 
capability previously attain ab le onl y in 
more britt le plasti cs . The connectors are 
avail able in a ri ght-angle board mounted 
plug with chassis mounted receptac le for 
wire-wrap terminations and an environ
mentally sea led plug and receptacle with 
crimp-removable contacts. $. 15 per mated 
c ircuit. Hughes Connecting Devi ces, 500 
Superior Ave., Newport Beach, CA 92663. 
Phone(2 13)670-1515. 275 

Still the fin est in frequency selection 

COLLINS 
MECHANICAL FILTERS 
These famous filters have a time honored past 
- in the '50's they made SSB pract ical - an d 
they are designed today into the most sophis
ticated systems. Hundreds of types availab le 
from stock in frequencies from 60 to 600 kHz 
with 60 to 6-dB shape factors as low as 1.3 to 
1, and bandwidths from 0.1 to 10%. Smaller in 
size and less expensive than other filters in 
their frequency range, they tolerate extreme 
temperature changes and long continuous serv
ice wi thout aging. 

shape factors of 1.3 to 1. Audio frequency 
response from 300 Hz to 3150 Hz with a 20-dB 
carrier rejection . Carrier frequencies at 450, 455 
and 500 kH z. 

New LF Narrow Band 

New stable narrow bandwidth I 
mechanica l filters have frequen-
cies from 3 to 50 kHz , bandwidths 
in 0.2 to 2 .0% range. I deal ly 

New Low Cost Series 

New mechanica l filter se ries for 
SSB , AM and CW has nomi na l 
bandwidths f rom 500 Hz to 6 kHz, 
6-dB insertion loss, 2-dB ripple, 

suited for Omega navigation. FSK. telephone 
signaling, sonar combs, selective calling, and 
telemetry. The price/performance/size combi
nation is superior to LC , crystal or active filters 
for the same frequency/bandwidth. 

and 2to1 shape factors. Fixed tuning facilita tes 
inexpensive assembly. Off the shelf delivery. 

New Minil ilter 

These low cost mechanical filters / 
are packaged in a total volume of New High Performance SSB 

Th ese SSB mechanical filters are 
highly selective, have low inser
tion loss, and require no tuning . 
Attenuation peaks realized on both 

less than 0.1 cubic inch. have 15 
and 30-kHz bandwidths at 455 kHz, 

sides of filter passband . Nominal 60 to 6-dB 

and typical 60 to 3-dB shape factors of 1.5 to 
1. Excellent temperature stability and negligible 
aging make these filters ideally suited for mo
bile , airborne and marine FM applications. 

~ 
COLLI NS 

Call or write your Collins rep or 

Collins Radio Company ~ Components Division, Newport Beach, CA 92663, Tel (714) 833-0600 

A 
NEW 
LINE ••• 

CHECK NO. 76 

~ electrocube ... new series of 
"" metallized poly-

carbonate capacitors are offered in a min-
iature package, smaller than conventional 

units , with excel lent performance characteris-
tics over a wide temperature range . 0 Choose 
from more than 1100 different Series 650 mod
els, in six case styles, with capacitances from 
0.001 O to 50.0 mfd. and 50, 100, 200, 400 and 
600 VDC ratings. Order small quantities from 
stock, with only a short 4-5 week wait for pro
duction runs . 0 Get more information today 
from Electrocube, 171 O So. Del Mar Ave ., 
San Gabriel , Calif . 91776, or call (213) 
283-0511 ; TWX: 910-589-1609. 

\ 
. \ 

\ 
r ,~~ 

OF METALLIZED 
POLYCABONATE 
CAPACITORS 
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DIP REED RELAYS. This 12-pg. catalog de
scri bes the most complete line of DIP reed 
relays offered by any relay manufacturer. 
These re lays, 22 types in all , are offered 
w ith S, 6, 12 and 24V de coi ls. Inc luded are 
contacts of 1 fo rm A, 2 fo rm A, 1 form B, 1 
fo rm C and 2 form C in both 8- and 14-pin 
configurati ons. The most noteworthy of 
these DIPS bei ng the positi on free mercu ry 
wetted types. Magnecraft Electric Co. , SS7S 
N. Lynch Ave., Chi cago, IL 60630. 217 

SEMICONDUCTOR DATA LIBRARY. In 
this 3-volume set, books 1 and 2 provide 
complete data sheet specifica tions of all 
Motorola manufactured discrete semicon
ductors. The reference volume contains a 
techn ica l descript ion of all EIA registered 
semiconductors made by the industry (re
gardless of manufacturer). as well as a set of 
se lector guides covering all discrete fa mi lies 
made by Motoro la. Pr ice is $6 .SO for the 
basic set, $10 for the set and updatings. 
Motorola Semiconductor Products Inc. , 
SOOS E. McDowell Rd. , Phoenix, AZ 8S008. 

218 

PCM ENCODERS. Programmabl e pulse
code-modu lato r (PCM ) encoders recentl y 
introduced as standard products are de
scri bed in a 6-pg. illustrated folder th at I is ts 
general in formation , system specifications 
and detailed descripti ons. The encoders 
described offer customer programmable 
format storage th rough readily ava ilable 
electri ca lly programmable read-only mem
or ies (E PROM S). Spacetac, Inc., Burlington 
Rd ., Bedford, MA 01 730. 219 

SEMICONDUCTORS. This 44-pg. ca talog 
lists detailed spec ifications on more than 
6000 semiconductor devices. Included in 
the catalog are temperature compensated 
reference diodes, zener diodes, hi gh-speed, 
hi gh-power switching transistors and silicon 
tra nsient vo ltage suppressors. It has com
plete JEDEC cross-reference index listings 
on JEDEC zener diodes. General Semicon
ductor Industries, Inc. , P.O. Box 3078, 
Tempe, AZ 8S28 1. 222 

114 

LINEAR SHORT FORM CATALOG fea
tures the 1421 seri es of economy FET mi
crocircuit op amps. Al so described is the 
Model 1324 fast-settlin g monolithi c op amp 
whi ch offers guaranteed specifi ca tions to 
accurately resolve high-speed data. A sec
tion on nonlinear functi on modules and 
low-cost modular power suppli es is inc lud
ed. Teledyne Philbrick, All ied Dr. at Route 

1 28, Dedham, M A 02026. 223 

STANDARD CORDIP NETWORKS. Four 
standard CORDIP res istor networks ava il 
able off- the-shelf are described in a 2-pg. 
illustrated data sheet (EPD-2) . The standard 
funct ions are 14- and 16-pin pull -up pack
ages and 14- and 16-pin in-out packages. 
Res istance va lues are listed and electrica l 
and environmental perform ance data is giv
en. CORDI P network combinations are 
ava il able in customized des igns using com
binations of up to 23 res istors, capacitors 
and diodes in 16-pin packages . Electroni c 
Products Div. of Corning Glass Works, Cor
ning, NY 14830. 224 

ELECTROSTATIC VOLTMETERS. Two dc-rf 
electro-static voltmeters are described in an 
8-pg. pub lica tion. Bulletin S02 detail s 
Models L VE and KVE , both featuring auto
matic overload protection , " Unfiliar Su
spension" capable of w ithstanding shock 
up to 100 gs, input impedance up to 3 x 
J0' 5!1, true-rms response regard less of 
w aveform or level, and fl at frequency re
sponse over their total operati ng ranges. 
Cedar Grove Operations of Beckman In
struments, Inc. , 89 Commerce Rd., Cedar 
Grove, NJ 07009. 225 

SWITCH AND KEYBOARD SELECTOR 
GUIDE. A handy " Des ign Engineer's Switch 
and Keyboard Selec tor Gu ide" has 200 
standard types of snap-action switches, of 
matri x selector switches, thumbwhee l & 
leverw heel switches and electroni c data 
entry keyboards. Thi s " pocket-s ize" bro
chure has 14 pages of il lustrations, brief 
descript ions, sizes and electrical ratings. 
Cherry Electrica l Products Corp., P.O. Box 
718, W aukegan, IL 6008S. 226 

~~ -rexscaon 

WALL CALENDAR WITH 1973 MAJOR 
ELECTRONIC SHOWS. Texscan has pre
pa red a large attracti ve 22 x 28-in . wall 
ca lendar with major 1973 show and exhibi t 
dates fo r easy reference. Like the wel 1-
known Scotch ad has it : it 's amaz ing how a 
littl e Scotch improves the flavor of water. In 
thi s instance, Texscan 's line of dependable 
electronics instruments is visuall y improved 
by the lovely " Miss Texscan" sea ted smack 
in the midd le of the cal endar top. Texscan 
Corp., 2446 N. Shadeland Ave. , Ind iana
poli s, IN 462 19 227 

16-CHANNEL PORTABLE TEST OSCILLO
GRAPH . The Seri es 870 by Hath away In
struments is the subject of th is brochure. 
The compact and portable instrument is an 
instant-start recorder with 16 channels and 
12 speeds. W eighing only 3S lb with an in
tegral handle, the 870 is wel l suited to re
quirements for simple operator controls, 
w ith high performance that inc ludes 3000-
Hz response and/or hi gh-voltage isolati on 
between channels. Hathaway Instruments, 
Inc. , S2SO E. Evans Ave., Denver, CO 
80222. 228 

INSTRUMENTATION INTERFACE. The 
DATOS 30S, a programmable interface 
w hich outputs computer-compati b le data is 
described in th is brochure. In addition , it 
con ta ins information of va lue for any type of 
instrumentation interfac ing. Input levels and 
codes, the types of outputs needed to dri ve 
specific recording dev ices and output tim
ing waveforms are all di scussed. Data 
Graphics Corp., 8402 Speedway Dr., San 
An ton io, TX 78230. 229 

SOLID-ST-ATE SWITCH DRIVERS. A wide 
range of TTL-compatib le switch drivers with 
tota l switching times of less than 10 nsec are 
described in a 44-pg. ca talog. The sw itch 
drivers are usefu l for seri es, shunt and se
ri es/shunt appli ca tions. They may be used 
in a va riety of switch types (spst, spdt, sp3t, 
etc.) and come as standard, off-the-shelf 
dri vers in two sizes: O.S x O.S x 0.1 in . 
and 0.6 x 0.6 x 0. 1 in . LRC, Inc. , 11 Ha
ze lwood Rd ., Hudson, N H 030S 1. 230 
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A COMPUTER LEARNING SYSTEM. CAR
DIAC is a manua lly operated computer 
which comes complete with 53-pg. manual 
that explains it in terms of rea l computers. 
The student receives hi s " hands-on" tra in
ing by operatin g CARDIAC through a seri es 
of 10 different programs which range from 
the simple to the complex. Lea rning this 
subject is enjoyable, si mple and rapid, and 
the retention factor is excel lent because of 
the " hands-on" facet. Comspace Corp. , 300 
Great Neck Rd., Farmingdale, NY 11735. 

231 

DATA-ACQU ISITION SYSTEM. A compre
hensive 20-pg. catalog describes Datel's 
System 256, a mini-computer-compatib le 
data-acquisition system. All electrica l and 
mechanica l specifica tions, performance 
and appli cation data are li sted. A w ide range 
of options are out lined permitting a compre

hensive system to be specified for applica
tions to an instrumentation or control prob
lem, or as an interface between an analog 
and digital computer in hybrid-computer 
sys tems. Datel Systems, Inc. , 1020 Turnpike 
St., Canton, MA 02021. 232 

SOLID-STATE CHOPPERS. A 32-pg. cata
log describes a line of soli d-state choppers 
(ana log swi tches) w hich inc lude isolated , 
fie ld-effect, basic, 60 and 400 Hz, high-fre
quency, high-voltage and vibrat ing chop
pers. All units are recommended for military 
and industrial appli cations. Sol id State Elec
tronics Corp., 15321 Rayen St. , Sepul veda, 
CA 91343. 233 

AUTOMATIC TESTERS. A comprehensive 
12-pg. brochure presents technica l detai ls 
and app lication data on Datatron 's four 
automatic test sys tems - the Model 4400 
digital module tester, the Model 4500 high
speed functiona l tester and Models 4600 
and 4650, pc card testers. Datatron, Inc. , 
1562 Reynolds Ave. , Sa nta Ana, CA 92711 . 

234 

MUL Tl-ELEMENT SEM ICONDUCTORS. 
This 96-pg. mu ltiple semiconductor catalog 
(CC-406) covers devices with more than 
one chip in a package. It also details the 
packaging of diodes and transistors in inte
grated c ircuit compatible packages. The 
products di scussed include duals, quad 
transistors, Darlington pairs, double-emitter 
choppers, diode arrays and diode matri ces. 
Interchangeability guides are provided. 
Texas Instruments Inc. , P.O. Box 50 12, M/S 
308, Dallas, TX 75222. 235 

CORE MEMEORY. This 4-pg. brochure de
scribes the DMS-15 add-on core memory 
for the PDP 15. Any application of the DEC 
PDP 15 that requires acce~si ng large 
amounts of 18-bit data or a large number of 
core resistent programs can use the DMS-15 
and this pamphlet has the specs. Dimen
sional Systems, Inc. , 393 Totten Pond Rd. , 
Wa ltham, MA02154. 236 

PRECISION LABORATORY ELECTRO
MAGNETS. The 24-pg. brochure entitled 
Handbook of Precision Laboratory Electro

magnets expl ains terminology, se lection 
procedures, operation and advantages of 
magnet sys tems. Spec ifi cat ions and typ ica l 
fie ld strengths are given for laboratory mag
nets ranging in size from 4 to 15 in. Specifi 
cations are also given for ai r core soleno ids, 
electroni c integrating fluxmeters and gauss
meters (NMR and Hall Effect). Walker Sci 
entific Div., 0. S. Wa lker Co., Inc., Rock
dale St. , Worcester, MA 01606. 237 

ND:YAG LASER CATALOG. A 4-pg. bro
chure summari zes high-energy, high-repe
tition-rate, neodymium YAG (ytt rium alumi 
num ga rnate) laser systems. The brochure 
provides performance characteristics of the 
ILS Q swi tched lasers, laser rangefi nders 
and welding systems. Intern ational Laser 
Systems, Inc., 3404 N. Orange Blossom 
Trail , Orlando, FL 32804. 238 

~udebrod 

~Dept DN1, 

Bros . Silk Company, Inc . 

Gfecb-onic' ';J)i11ijion 
12 South 12th Street, Philadelphia, Pa . 
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INDUSTRI AL SEMICON DUCTORS. The 
products in thi s catalog include: indust ri al 
zeners, programmable unijunction transis
tors for timing circuits, power Darlington 
transistors that provide a monolithic 2-tran
sistor circuit, plastic SCRs and PUTs, and 
unique hybr id products like the power pul
ser, a thick-fi lm hybrid c ircuit that delivers a 
hi gh-power output pulse for a precise ly 
timed interval. Other products include mi 
crowave diodes, rectifers and bridges. Uni
trode Corp., 580 Pleasant St., Watertown, 
MA02172. 239 

From the world 's largest 

HOW TO MAKE ACCU RATE LOW-RE
SISTANCE MEASUREMENTS. A single-pg. 
applicat ions bulletin describes methods for 
mak ing rapid measurements of res istance in 
the range from 0.01 to 1 n with accu rac ies 
of 0.06% or better. Both direct and compar
ati ve ratio measurement methods are given. 
Described are how measurements made 
using the 4-terminal ratio capabi lity of the 
Hew lett-Packard Model 3450A/B digita l 
voltmeter are faster than those made with 
hand operated res istance bridges generally 
found in standard laboratories. Hewlett
Packard Co., 1501 Page Mi II Rd. , Palo A lto, 
CA 94304. 240 

CATHODE-RAY TU BES. The 32-pg. publi
cation helps buyers se lect a CRT with the 
optimum phosphor to meet any of a wide 
variety of app lication requirements. Spec
tral and persistence characteristi cs and typi 
cal applications are given for over 50 stan
dard and special phosphors. A brief expla
nation of the use of phosphors in CRT 
screens and glossaries of terms and symbols 
are inc luded. W estinghouse Electric Corp ., 
Westinghouse Bldg. , Pi ttsburgh, PA 15222. 

241 

manufacturer of --_ 

PHASE LOCKED LOOP INTEG RATED 
CIRCUITS. This free 76-pg. paperback ex
plains phase locked loop mono lith ic inte
grated ci rcuits. It contains a history, short 
glossary, descr ipt ion of the phase locked 
loop princi ple and PLL " building blocks." 
Major sections inc lude explanations of gen
eral loop setup and tradeoffs. PLL measure
ment techniques, monolithic phase locked 
loops, expand ing loop capabi li ty and spe
cif ic app li cations. Signetics PLL Handbook, 
Signetics Corp. , 811 E. Arques Ave., Sunny
vale, CA 94086. 

MINI-MODULE de POWER SUPPLIES. A 2-
pg. data sheet describes Spel lman 's Mini
Module RMX Series of so lid-state, regulat
ed, high-vo ltage de power supplies. It out
lines the features of the series des igned for 
use with photomult ip liers, Geiger-Mu ller 
tubes, ioni zation gages, CRTs, image inten
sifiers, e lectron-beam systems, scintil lation 
counters and many other appli cations. 
Spellman High Voltage Electronics Corp. , 
1930 Adee Ave., Bronx, NY 10469. 242 

RELAYS, STEPPERS, SOLENOIDS AND 
SOLID-STATE CONTROLS. This 20-pg. 
cata log has: a broad se lect ion of basic relay 
types, inc luding enc losed, open, power, 
reed, so lid-state/hybrid and solid-state/time 
delay; 11 bas ic series of stepping relays; 
nearl y 200 so lenoids in a choi ce of pull 

High Voltage 
Di ff used Silicon 
Rectifiers 

- - -- type, push type or so lenoid switches in tu 
bular, box-frame, U-frame and laminated 
configurations and a w ide variety of level 
detectors, logic steppers and protective sen
sors. Guardian Electric Mfg. Co., 1550 W. 
Carroll Ave., Chicago, IL 60607. 243 

For industrial applications re
quiring high reliability at eco
nomical cost. 
Typ ical appl ications incl ude 
microwave ove ns, RF trans
mitters, CRT power supplies, 
electrostat ic copiers and pre
ci p itators. 
Special confi gurations are avail-

able for X-Ray appl ications. 
S ix versati le series are avail
able in wide range of minimum 
sized packages. 
Rat ings from 1 KV to 40 KV 
(PRV) and 5 mA to 2A (lo). 
A l l are ava ilable with fast re
covery characterist ics. 

Design us in; we'll stay· there VAAO 

VARO SEMICONDUCTOR, INC. 
P.O. BOX 676, 1000 N. SHILOH , GARLAND , TEX . 75040 , 214 / 272-4551 , TWX 91 0.-860 ·5178 

Dis tributed by: 
ALLIED ELECTRONICS, Chicago, Il l. 3 12/ 42 1·2400. THE ALTAIR CO Richardson Tex 
214 / 231·51 66. BELL ELECTRONICS, Menlo Park, Ca l. 415/ 323·9431. "'eLUFF CITY ' DI ST: 
CO., Memphis, Tenn . 901 / 725_- 9500_. BRIDGEFIELD SUPPLY, Twinsbu rg, Ohio 2 16/ 4 25·4209. 
CRAMER ELECTRONICS, Nat1onw 1de; Newt on, Mass. 617 / 9 6 9 · 77 0 0 · Roc hest er N y 
716 / 275·0300. ELECTRONIC PARTS CO., Denver, Colo. 303 / 266-37S5. FARWEST, iNc: 
Bellevue, Wash. 206/747-1515. MERQUIP ELECTRONICS, Skokie, Ill. 312/ 965-7500. MERRILL 
ELECTRONICS, Chicago, Ill. 31 2/ 286-2525. MILGRAY ELECTRONICS, Freeport, N. Y. 
5 16/ 546·6000. WESTATES ELECTRONICS, Chatsworth, Calif. 213/ 34 1-441 1. 
In Canada: 
ELECTRO SONIC, Toronto, Ont. 416/ 9 24-9301. R. A. E. IND. ELECTRONICS Vancouver B. C. 
604/ 687-2621. WESTERN RADIO SUPPLY, Hamilton, Ont. 416/ 528-01 51. ' ' 
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TEMPERA TU RE-MEASUREMENT. The 
handbook contains the latest temperature
emf tables for thermocouples which are 

presently avai I able on ly from Omega. These 
tables, re leased by the National Bureau of 
Standards as computer printouts, have been 
made an integral part of the handbook. 
Reference tables list all important thermo
cou ple alloy combinations in both °C and 
°F. The handbook also contains useful 
temperature measurement data, facts, 
sta ti sti cs and materi al properties about 
thermocouples which are vital to any 
scienti st or engineer interested in tempera
ture measurement. Omega Engineering, 
Inc., Box 4047, Stamford, CT 06907. 244 
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A CAMBION® Double "QQ" Product Line 
As often as you want, too. The design of the jack and the materials 
from which it is produced give it the strength to be cycled more 
than 50,000 times (we've done it) without appreciable change in 
con tact resistance . 
And we didn't just do it once "in the lab." 
We have tens of mi ll ions of these jacks out, in use by customers. 
IO's range from .016" to .080". And are available in different 
shapes and types for mounting components, patching, plugging, 
or whatever you have in mind. 
All CAMBION cage connectors are standard, immediate del ivery 
items. You can have them fast in whatever number you want. 
That's the CAMBION Double " QQ" approach, the quality stands up 
as the quantity goes on . Ask for a sales engineer or a catalog. 
Cambridge Thermionic Corporation, 445 Concord Avenue, 
Cambridge, Mass. 02138. In Los Angeles, 8703 La Tijera Blvd. 90045. 

This cage jack was built 
for recycling! 

------

CHECK NO . 79 

ALL THISI 
CRYSTAL - HIGH FREQUENCY llt1y, 
OSCILLATOR . 
MODEL L14c,o,E 

:
1
111.L; to < 50 kllz , 0 . ?7"H 

• 

'" th isl 
e 14 pin dual in- line packa ge plu gs into 1 IC socket 
e Any fixed frequency 1 Hi' to 30 MH z 

• Freque ncy to lerance: 
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Ll4C ± .001%, 0°C to + 50°C 
Ll4D ± .002 5%, 0°( to + 65°( 

Ll 4E :!: .005 %, -25°( to+ 75°C 
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Compact design ideas 
for positioning ... timing ... control. 

LOW-COST 
INCREMENTAL DRIVE 

These are about the lowest cost logic 
drive stepper motors available. Pricing 
starts as low as $64 per unit including 
the logic drive. Designed for 5-volt 
operation they are compact, reliable 
and have earned an outstanding 
reputation in computer applications. 
A ll in all, there are 13 different models 
avai lab le offering working to rque up 
to 22 oz.-in. and pull-in rates up to 900 
steps/sec. In addition to motors we 
can supply a complete stepper system 
which includes the motor, electronic 
logic and variable speed drive. If your 
design requires low cost but high 
performance incremental drives find 
out about these 5-volt permanent 
magnet logic steppers. W rite for 
literature. 

CHECK NO. 2 

SPACE-SAVING 
SYNCHRONOUS DRIVE 
Motor performance, size, weight and 
cost are critical in all applications. 
Our 86000 Series Synchronous Motor 
has won wide acceptance because 
it meets all of these requirements. 

It has extremely fast start/stop 
characteristics without resorting to 
prestarts or clutching. Torque is high 
- 6 oz.-in . @ 300 RPM at the rotor 
shaft and up to 200 oz.-in. usable 
power with gearing. You have the 
choice of two designs, a reversible 
motor or a dual speed unidirectional 
model which employs an integral 
capstan clutch. 

As for size, it is smaller than most 
similar motors - only 23/s" square and 
21/i'' deep, including the NEMA 
configuration gearhead. 

Weight is less than 2 lbs. Prices start 
under $20 in single quantities. You 
can select off-the-shelf units from 14 
speed/torque combinations for the 
reversible model. Also, 14 combina
tions of the dual speed unidirectional 
motor are available. Rated for 120 VAC 
60 Hz operation - input power is only 
8 watts nominal. Other operating 
voltages are available. Write for 
literature. 

CHECK NO. 3 

COMPACT 
DC CASSETTE DRIVE 

Many of the world 's largest manufac
ture rs of cassette tape recorders use 
this miniature DC motor. Only 1.34" 
dia. x 0.93" depth, its performance is 
exceptional. Working torque is 0.15 
oz .-in. @ 2,000 RPM. It operates on 4.5 
VDC, and output speed can be 
electronically controlled . 

Exceptionally long brush life makes 
this motor ideally suited for volume 
applications in instrumentation and 
computer peripherals. Especially in 
magnetic tape drives, tape take-up 
drives and constant velocity drives. 

A companion motor, with higher 
torque but shorter life, is al so avail
able for chart and pen drives in port
able recorders, automation instrumen
tation, and business machines. We 
will be happy to provide design 
assistance and circuitry for electronic · 
speed control. Write for literatu re. 

CHECK NO. 4 

A. W. HAYDON CO. PRODUCTS 

I NORTH AMERICAN PHILIPS CONTROLS CORP. I 
A NORTH AMERICAN PH ILI PS COMPANY 

Cheshire, Conn. 06410 • (203) 272-0301 



whatever your computer says ... 

• 

PANEL DISPLAYS 

16/ 18 Character Position Panel, 5 x 7 Dot Matrix, Ch aracters 0.4" High . 
Available as numeric only or alphanumeric panel with 64-character format . 

SELF-SCAN Panel Display Subsystem, 256 Character 
Capacity, 5 x 7 Dot Matrix, Characters 0.25" High . 
64-character format, available with all drive electronics 
including memory, character generator, and timing. 

Whether it 's a police officer in a patrol car requesting informa
tion on a suspect, an architect specifying coordinates for 
plumbing fixtures in a new building , or a type setter verifying type 
for a mail-order catalog , SELF-SCAN panel displays guarantee 
the most accurate transfer of data between the operator and 
the computer . If you need a computer display and demand 
error-free communications, follow the lead of Kustom Electron ics 
{1) in Chanute, Kansas ; Science Accessories Corporation 
(2) in Southport, Connecticut; Automix Keyboards (3) in 
Bellevue, Washington , and the many other SELF-SCAN panel 
display users. Have a Burroughs salesman demonstrate his 
" terminal in a briefcase ." You 'll see why the SELF-SCAN panel 
display is the most effective man/machine interface device 
available today. 

Burroughs Corporation , Electronic Components Division , 
Plainfield , New Jersey 07061 . (201) 757-3400 ... 

mJl!!l[!] ·- -- ·-
_. " .. "··-" ::- · ".:- RBCE•EFGH L::::,45,,:, ;-::: 

See us at Show Booth 2709-2717 

B urroughs 
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